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Abstract 
The awareness of and the data on the prevalence of microplastic (plastic particles 
<5 mm) pollution in freshwater environments is rapidly increasing, as low-degrading 
polymers are being detected in various environmental matrices of the Laurentian 
Great Lakes. However, the accumulation, distribution and deposition of microplastics 
in offshore depositional environments of the Great Lakes, and particularly Lake 
Huron, is relatively unknown. In this study, benthic sediment from various Lake 
Huron waterbodies (main basin, Georgian Bay, the North Channel, and Saginaw 
Bay) was quantified for microplastic particles (fibres, fragments, films, and beads). 
The North Channel contained the greatest microplastic abundances, averaging 
47,398 particles per kg-1 dry weight sediment (p kg-1 dw), followed by Georgian Bay 
(21,390 p kg-1 dw), the main basin (15,910 p kg-1 dw) and Saginaw Bay (1,592 p kg-1 
dw). The results suggest that microplastic abundances in offshore settings are 
positively correlated with increasing water depth (p=0.004) and are controlled by 
lake bottom geomorphology. Hydrodynamic processes are a prevailing force driving 
microplastic dispersion and deposition into the offshore, in contrast to source-based 
drivers closer to the shoreline. Sediment cores were examined from Lake Huron and 
Lake Ontario, for which historical microplastic accumulation rates were determined 
using dated sediment profiles. The 210Pb dating method was used to establish a 
chronology for the Lake Huron sediment core (LH43), and approximate chronologies 
were constructed for the Lake Ontario cores (403A and 209C) using previously 
documented sedimentation rates using the polonium distillation method. The results 
suggest that microplastics have been accumulating in offshore benthic sediment of 
Lake Huron and Lake Ontario for ~75 years and ~80 years, respectively. 
Concentrations at depth (0-15 cm) reveal regional and temporal trends, consistent 
with increased plastic production since the 1950s. Significant increases in 
abundance were observed from the early 1950s to the late 1970s, and from the late 
1980s to 2014. This implies that surface and subsurface sediment is an effective 
indicator of past and present microplastic contamination in the Great Lakes. Results 
from this work provide a benchmark for future microplastic assessments in the Lake 
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Summary for Lay Audience 
Microplastics (plastic particles <5 mm) are ubiquitous contaminants of concern 
commonly found in terrestrial, marine and freshwater environments. These slowly-
degrading polymers have been detected in shoreline, tributary, nearshore and 
offshore surface and subsurface water and sediment of the Laurentian Great Lakes. 
The accumulation, distribution and deposition of microplastics in offshore 
depositional environments of Lake Huron have not been reported prior to the present 
investigation. This study examined microplastics (fibres, fragments, films and beads) 
in 76 benthic surface sediment samples from various Lake Huron waterbodies 
including Georgian Bay, the North Channel, Saginaw Bay, and the main basin. 
Microplastics were detected in every offshore sampling location, with the greatest 
abundances in the North Channel, averaging 47,398 particles per kg-1 dry weight 
sediment (p kg-1 dw), followed by Georgian Bay (21,390 p kg-1 dw), the main basin 
(15,910 p kg-1 dw) and Saginaw Bay (1,592 p kg-1 dw). The results indicate that 
prevailing surface water currents are significant forces controlling microplastic 
transport and deposition in the lake. Abundances were positively correlated with 
increased water depths, suggesting depositional lake environments function as sinks 
for microplastics accumulation. In addition, microplastic particles were identified 
down to a maximum of 15 cm in dated sediment cores from Lake Huron and Lake 
Ontario, suggesting that microplastic particles have been accumulating in sediment 
of Lake Huron and Lake Ontario for ~75 years and ~80 years, respectively. The 
sediment cores also reflect temporal depositional changes within the Lake Huron 
and Lake Ontario basins, as increased microplastic concentrations are consistent 
with plastic production trends. This study establishes a baseline of past and current 
microplastic inputs into the Lake Huron offshore depositional environment and is the 
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Chapter 1  
1 Introduction 
1.1 Research Problem, Aim and Objectives 
Plastic products that are made, used and discarded have become prevalent and 
problematic contaminants in aquatic and terrestrial environments (Moore 2008; 
Barnes et al. 2009). Many negative socioeconomic and ecological implications 
are associated with plastic debris. Large items can entangle or be ingested by 
wildlife (Laist 2009) whereas small, less visible plastics present a greater 
challenge when assessing ecological harm because the well-being of organisms 
and humans is less evident (Gall and Thompson 2015; Lechthaler et al. 2020). 
While studies investigating plastic pollution in marine environments are 
abundant, limited research exists in freshwater systems. This is evident in the 
Laurentian Great Lakes, as studies attempt to understand and contextualize the 
full extent of the problem. As a result, microplastics (particles <5 mm) have been 
classified as an emerging environmental contaminant threatening the state of the 
Laurentian Great Lakes. Previous studies have documented the pervasiveness 
of microplastics, yet only a handful of studies have investigated microplastics in 
lake bottom sediment (Corcoran et al. 2015; Ballent et al. 2016; Dean et al. 2016; 
Lenaker et al. 2020). The overall aim of this dissertation is to understand the 
temporal and spatial variations of microplastics in sediment of the Great Lakes.  
 
This work offers the first comprehensive analysis of microplastics in benthic 
sediment of Lake Huron. To our knowledge, no data is available regarding the 
quantification of microplastics in offshore bottom sediment of the main Lake 
Huron basin, Georgian Bay, and the North Channel. In summary, this thesis will 
assess the horizontal and vertical distribution of microplastics in surface and 
subsurface sediment of Lake Huron and to a lesser extent, Lake Ontario. The 





• To quantify anthropogenic (human-made or altered) particles by morphology, 
size, colour and polymer composition. This was accomplished using 
microscopy and Fourier transform infrared spectroscopy (FTIR).  
• To ascertain the quantity and distribution of microplastics in 76 benthic 
sediment samples, and propose possible source-to-sink relationships for the 
Lake Huron basin.  
• To elucidate microplastic accumulation fluxes to 15 cm depths in three 
sediment cores collected from Lakes Huron and Ontario in 2017. This was 
done by assessing historic microplastic accrual rates using dated sediment of 
Lake Huron and Lake Ontario. 
1.2 Introduction to Plastics 
The term ‘plastic’ is widely used to define a class of anthropogenic materials 
known as polymers. Polymers are molecules that possess long carbon atom 
chains, with very high average molecular weights (Sperling 2006). The origin of 
the word, plastic (Greek plastikos) refers to a polymer that can be moulded or is 
suitable for moulding (Plastic Europe 2019). Thermal and mechanical properties 
classify plastics into: 1) Thermoplastics; polymers that can be moulded 
continuously when heated, and hardened when cooled; 2) Thermosets, which 
cannot be re-melted and re-shaped when heated, resulting in a single shape until 
discarded. Common commercial thermoplastics include polypropylene (PP), 
polyethylene (PE), polystyrene (PS), polyvinyl chloride (PVC), polyethylene 
terephthalate (PET), and thermoplastic elastomers. Epoxy and acrylic resins, and 
polyurethane (PUR) are examples of thermosets. Plastic additives such as 
plasticizers, fillers, colourants, and stabilizers are regularly added to materials to 




1.2.1 Plastic Production and Use 
In 1909, the first mass produced synthetic polymer was created, known as 
Bakelite. This revolutionary invention marked the beginning of the plastics 
industry, leading to the development of modern processable forms of PVC, PET 
and PS (Vlachopoulos and Strutt 2003). Rubber and chemical production 
increased in the 1930s and during industrial expansion in the 1940s (Brandsch 
and Piringer 2008). Despite other historical accounts of plastic manufacturing, 
large-scale production of plastics began in the 1950s (Jambeck et al. 2015). 
Today, plastics are mass-produced on a global scale because they are relatively 
inexpensive to make and can be mixed with various additives. These additives 
are used to impart various properties that make plastics more versatile and 
resilient, opposed to natural materials that are not. Manufacturers have utilized 
the physical and chemical characteristics of virgin plastic polymers, thereby 
commercializing their strength, durability, and ability to withstand high 
temperatures (Thompson et al 2009). In 2019, the production of virgin plastic was 
estimated to be approximately 465 Mt, with 10.1 billion produced since 1950. 
(Geyer et al. 2017).  
A comprehensive material flow model calculated 7,800 Mt of synthetic fibres, 
polymer resins, and additives manufactured from 1950 to 2015. Consequently, 
plastic pollution will continue to increase as plastic production increases to 
support consumer demands. Geyer et al. (2017) estimated that 6,300 Mt of 
plastic has been generated since 2015, 9% of which was recycled, and 79% 
amassed in landfills and/or leached into the environment. According to Elhacham 
et al. (2020), in the year 2020, anthropogenic (human-made) mass will surpass 
all global living biomass. Therefore, by ensuring plastic never becomes waste, 
industrial systems need to transition from a linear economy and prioritize a 
circular economy to better preserve our natural environment (World Economic 
Forum, Ellen MacArthur Foundation and McKinsey & Company 2016). Figure 1.1 
details the three circular economy goals laid out by the World Economic Forum, 




design a functional after-use plastics economy by improving recycling 
economics, reuse, quality and uptake, 2) To significantly reduce plastic waste 
leakage into terrestrial, marine and freshwater systems, and 3) To adopt and 




Although an average of 3500 pieces of floating plastic, including microplastics, 
were first observed and reported in surface waters in 1972 (Carpenter and Smith 
1972; Carpenter et al. 1972), the term “microplastic” and its associated 
environmental implications was not introduced until the early 2000s when 
Figure 1.1: A new restorative and regenerative system to minimize 
plastic pollution from entering environmental compartments. Modified 
from the World Economic Forum, Ellen MacArthur Foundation and 




Thompson et al. (2004) examined the distribution of secondary plastics in 
seawater and sediment. The meaning “microplastic” is often inconsistent across 
studies, especially when examining various types, sizes and shapes of particles. 
For instance, microplastics are defined as “small pieces of plastic less than 5 mm 
in diameter” by NOAA (Masura et al. 2015); whereas Frias and Nash (2019) 
recommend a more inclusive definition: “Microplastics are any synthetic solid 
particle or polymeric matrix, with regular or irregular shape and with size ranging 
from 1 μm to 5 mm, of either primary or secondary manufacturing origin, which 
are insoluble in water”. For the purpose of this assessment, microplastics ranging 
from 53 μm to 2 mm were quantified in airborne background contamination and 
benthic sediment samples. Rochman et al. (2019) advised to consider 
microplastics as a diverse contamination suite similar to pesticides and trace 
metals, as simplifying microplastics as a singular unit can often lead to 
misinterpretations.  
1.3 Characteristics of Microplastics 
Microplastics can enter a freshwater system as primary or secondary deposits. 
Primary plastics enter the environment through the application of cosmetic and 
personal-care products (facial cleansers and toothpaste) and abrasives in 
industrial scrubbing applications, like air blast cleaning (Fendall and Sewell 2009; 
Thompson et al. 2009; Dris et al. 2015b). In urbanized areas that experienced 
combined sewage overflow events, microbeads were found in Lakes Erie, Huron 
and Superior surface water samples, many of which came from consumer 
product applications (Eriksen et al. 2013). Industrial pellets are another type of 
primary microplastic particle that are frequently observed along shorelines 
because of their positively buoyant properties (Ivar do Sul et al. 2009; 
Zbyszewski and Corcoran 2011; Fotopoulou and Karapanagioti 2012; Corcoran 
et al. 2020a). Plastic pellets are virgin materials used in plastic production to form 





Secondary plastics are polymers that have been broken down from larger pieces 
of plastic debris as a result of mechanical, chemical and biological processes 
(Corcoran et al. 2009; O’Brine 2010; Corcoran 2021). Cooper and Corcoran 
(2010) suggested that fractures, mechanical pits and grooves on microplastic 
surfaces are a result of mechanical weathering, and granules and pits are an 
example of oxidative weathering. Plastics examined in Lakes Huron and Erie 
contained greater amounts of fractures and mechanical pits in comparison to 
Lake St. Clair samples (Zbyszewski et al. 2014). The latter samples were 
associated with greater amounts of organic debris (such as leaves), which 
protects the particles from sand abrasion. Microorganisms can also release 
organic acids or chemicals that have the ability to enter the surface area of a 
polymer, causing it to chemically deteriorate (Kershaw 2015, Corcoran et al. 
2018; Urbanek et al. 2018). When interrelated abiotic and biotic weathering takes 
place, the process of degradation is enhanced. For example, particles that 
undergo fragmentation by mechanical abrasion and friction from natural and 
anthropogenic settings (human barriers and transportation vehicles), can also be 
chemically altered by thermal oxidation, photooxidation, hydrolysis, and salinity 
processes (Corcoran et al. 2021). 
 
Breaking down particles into smaller pieces creates larger surface areas to 
adsorb pollutants. Additionally, microorganisms colonize along cracks and pits 
originally formed by mechanical weathering processes. The latter biological 
degradation process is grounded on the formation of a biofilm, and proceeded by 
particle bio-fragmentation, assimilation, and mineralization (Corcoran et al. 
2021). Thus, biological activity may assist in the degradation of microplastics, but 
it can also increase particle density causing it to sink and become buried in 
bottom sediment where it is not exposed to UV light that initiates many 





Microplastic morphologies include fibres, beads, fragments, films and foams (Fig. 
1.2). All morphologies have been widely documented, and represent significant 
environmental pollutants in marine, freshwater and terrestrial environments. 
Microfibres are the most pervasive environmental pollutant documented in 
environmental samples (Anderson et al. 2017; Vermaire et al. 2017; Suaria et al. 
2020). The shedding of synthetic and natural textiles contributes mm-sized fibres 
to the environment during laundry practices (Sillanpää and Sainio 2017; Singh et 
al. 2020). Napper and Thompson (2016) estimated that over 700,000 fibres are 
released from a regular washing load of acrylic clothing, suggesting such 
practices will release synthetic fibres into the effluents of sewage treatment 
plants. Studies have determined that wastewater effluents are a source of 
microfibres (Fig. 1.2a) (Carr et al. 2016; Mason et al. 2016; Prata 2018). Stanton 
et al. (2019) observed that natural fibres dominated freshwater and atmospheric 
fibre populations by 93.8%. Corcoran et al. (2020b) showed that subtracting the 
number of natural microfibres from the total microfibre count following chemical 
analysis by Fourier transform infrared spectroscopy (FTIR), resulted in a 
reduction of plastic microfibres by 27% of the total. Corcoran et al. (2020b) 
caution that overestimates of microfibre abundances are expected for studies in 





Microbeads are tiny particulates manufactured to replace natural exfoliating 
materials used in industrial and consumer applications (Fig. 1.2b). Once beads 
wash through household drains and wastewater systems that are not designed 
and/or updated to filter them out, are directly released into waterways and 
become a threat to aquatic life. Napper et al. (2015) estimated that between 
4,594 and 94,500 beads could be released into the environment in a single use. 
Rochman et al. (2015a) projected that 808 trillion beads could be washed down 
the drain per day, and 8 trillion could be leached into waterways by final effluent, 
daily. A laboratory study also suggested that microbeads act as an effective 
sorption site of cadmium and lead in intertidal sediment, thereby facilitating the 
transfer of waterborne contaminants or pathogens to a wide range of organisms 
(Boucher et al. 2016). As a result, efforts to remove them from Canadian and 
U.S. waters were implemented, prohibiting the manufacture, sale and import of 
Figure 1.2: Images of microplastic particle types A) Microfibers (1.13 mm) B) 




microbeads. Legislation to ban microbeads includes the “Microbeads in Toiletries 
Regulations” amended in 2018 (Minister of Justice 2018), and the “Microbead-
Free Waters Act” in 2015 (United States Congress 2015). To this day, beads are 
being reported in scientific observations, indicating the persistence of 
nondegradable materials in aquatic environments (Cheung and Fok 2016; 
Schessl et al. 2019).  
Plastic fragmentation occurs mainly because of polymer type and the 
environmental conditions under which it persists. Plastic debris, often referred to 
as meso- (5 mm-2.5 cm) and macroplastic (>2.5 cm), undergo physical 
fragmentation to become fragment and film particles, by mechanical abrasion, 
and photochemical and biological degradation (Andrady 2011; Lippiatt et al. 
2013). Polyethylene films were found to disintegrate at a faster rate (saw 
embrittlement by 5 to 10 weeks) than control samples in outdoor and marine 
exposures, as a result of photodegradation. Deterioration of a film was extensive 
enough to suggest that floating plastic could eventually degrade from UV 
radiation, thereby posing potential risks to wildlife (Andrady et al. 1993). While 
investigating biodegradable polyester and standard PE plastic bags, O’brine and 
Thompson (2010) observed a 100% loss of the compostable polyester material 
between 16 and 24 weeks, while the other materials lost only 2% after 40 weeks. 
This indicates that nondegradable plastic will remain relatively intact, slowly 
disintegrating in its surroundings over long durations. Consequently, synthetic 
fragments and films are documented to persist in most if not all, environmental 
compartments globally. For example, fragments and films made up 90% of 
plastic debris in nearshore water samples of the Red Sea, with fragments mainly 
composed of PE (69%) and PP (21%) (Marti et al. 2017). Paint fragments are an 
understudied synthetic particle, many of which include polyurethanes, 
polyacrylates, alkyls and epoxies (Gaylarde et al. 2021). These polymers come 
from antifouling paints on commercial vessels and recreational boats and 




1.3.2 Colour, Density, Size, Shape 
Colour is an important physical property of microplastics, although it is commonly 
altered by weathering. Some publications suggest that predators may 
preferentially ingest microplastics that have colours similar to those of their prey 
(Moore 2008; Boerger et al. 2010). Interestingly, microplastics can consist of 
multiple colours as seen in Figure 1.3a, b, which often makes assigning a 
particular source difficult. A simulated sunlight experiment found that PP plastic 
pellets released cadmium red pigment during degradation of the polymer matrix 
(Liu et al. 2020). Cadmium is a heavy metal used in red, yellow and orange 
pigments to stabilize plastic. The study determined that cadmium release was 
lower in larger particles (0.85 mm), and increased significantly in particles smaller 
than 0.85 mm. Colour can aid with source apportionment, thereby informing 
policy and management actions (Helm 2017). For example, the abrasion of black 
tire tread on road surfaces has been reported to release micro-sized fragments, 
which act as a significant contributor to microplastic pollution (Jan Kole et al. 
2017; Leads and Weinstein 2019; Knight et al. 2020). Wik and Dave (2009) 
found tire particles in surface waters and sediment with concentrations ranging 
from 0.03 to 56 mg L-1 and 0.3 to 155 g kg-1 dw. (dry weight), respectively. Glitter 
particles have also been reported in nearshore sediment samples in Humber Bay 
in Lake Ontario (Ballent et al. 2016). Tagg and Ivar do Sul (2019) explain how 
glitter particles are often overlooked in microplastic research, exploring the idea 
of glitter as a marker or “flag item” of a suitable source. Lustrous particles have 





The density of a particle is an important parameter determining the distribution 
and bioavailability of microplastics within an aquatic system. A positively buoyant 
particle, one that contains a density less than water (<1.0 g/cm3) will float on the 
surface. Low density polymers include PE, PP and polystyrene (PS). Particles 
with greater densities such as polyvinyl chloride (PVC), polyethylene 
terephthalate (PET), and viscose rayon will sink immediately. Other particles 
modified by additives could change in density and sink to bottom sediment (Kooi 
et al. 2018). Table 1.1 compiles the name, abbreviation and density of common 
polymeric materials. As such, it is important to choose a density gradient solution 
that is suitable for measuring various polymer types ranging from 1.5 to 1.8 
g/cm3. However, the adherence of organic matter, and the fouling by bacterial 
Figure 1.3: Images of multicoloured fragments. A) Blue and purple 
angular fragment (142 μm). B) Red and yellow film (390 μm). C) Lustrous 





and chemical contaminants can complicate density measurement accuracy (Li et 
al. 2018). Figure 1.4 demonstrates the adherence of microplastics to organic 
matter in sediment samples following chemical processing.  
 
 
Polymer Type Abbreviation Density (g cm-3)
Polyethylene PE 0.91-0.97
Polypropylene PP 0.89-0.92
Expanded Polystyrene EPS 0.015-0.03*
Polystyrene PS 0.96-1.05
Polyvinyl Chloride PVC 1.3-1.45
Polyamide PA 1.12-1.35
Polyethalene Terephthalate PET 1.30-1.45
Polyurethane PUR 1.01-1.21
Polycarbonate PC 1.20
Natural Rubber NR 0.92
Polymethyl methacrylate PMMA 1.16
Alkyd 1.20
Epoxy 1.1-1.4
*Han et al. (2019). 
Table 1.1: Density (g cm-3) and abbreviations of the most common 
polymers. Adapted from Lambert and Wagner (2017), Han et al. (2019) and 





Figure 1.4: Example of microplastic fragments adhering to organic matter 
following chemical processing (left to right; 160 μm and 620 μm). 
The environmental degradation of plastic debris and/or microplastic will lead to a 
decrease in size and an increase in overall surface area. Particles with larger 
surface-to-volume ratios will degrade at faster rates (Klein et al. 2018; Corcoran 
2021). For example, while investigating the surface properties of industrial 
pellets, Fotopoulou and Karapanagioti (2012) saw an increase in surface area 
from eroded PE pellets. Additionally, weathered particles provide a larger surface 
area for colonization by microorganisms and the sorption of chemicals (Lee et al. 
2014; Wang et al. 2018). Polychlorinated biphenyl (PCB) sorption was found to 
be 1 to 2 orders stronger in nano-PS than micro-PE, and this was attributed to 
higher surface-volume aromatic interactions, as the surface area of the nano-PS 
was ~1330 times larger (Velzeboer et al. 2014). Chubarenko et al. (2018) 
simulated the mechanical fragmentation of plastics in the sea swash zone, and 
after roughly 2 to 4 days PS and low-density polyethylene (LDPE) were observed 
to decrease in mass by 50%. This suggests that moderately high wave and 
current amplitudes near a coastal zone are more likely to degrade plastics than in 
the open sea, as was previously hypothesized by Corcoran et al. (2009) for 
Hawaiian beaches.  
Generally, polymer abundance increases with decreasing size (Imhof et al. 




μm) are ubiquitously distributed throughout the surface mixed layer from the 
European Coast to the North Atlantic Subtropical Gyre (Enders et al. 2017). 
Moreover, Oßmann et al. (2018) detected 90% of microplastic and pigment 
particles smaller than 5 μm in bottled mineral water, suggesting humans could be 
ingesting tiny plastic particles.  
Particle shape is also a key factor for interpreting size results and identifying a 
point of origin. Mechanical abrasion along a beach surface can influence shape, 
making the particle appear more rounded, similar to natural sand grains 
(Corcoran et al. 2009; Corcoran 2021). Shape can also control the physical 
behaviour and vertical distribution of a particle within the water column. For 
example, particles that contain higher surface roughness and increased surface 
area could result in slower rising and settling velocities (Waldschläger e al. 
2020). Sinking experiments conducted on hand-made polycaprolactone (PCL) 
angular cylinders exhibited noticeably low settling rates, implying that angularity 
increases a particle’s drag force and reduces its settling velocity (Khatmullina 
and Isachenko 2017). Spherical and cylindrical PCL particles demonstrated 
similar settling rates, while fishing line cuts settled with their long axes 
perpendicular to the direction of fall. Thinner and shorter fishing line cuts (0.5 
mm) displayed slower settling velocities in comparison to larger PCL spheres 
(4.9 mm), with 5 mm s-1 and 127 mm s-1, respectively. Waldschläger and 
Schüttrumpf (2020) determined that fibre diameter has a greater influence on 
sediment infiltration behaviour than fibre length and density. The authors 
observed thin microfibre diameters (0.5 mm) at greater sediment depths (16 cm), 
in comparison to thicker fibers (1 mm) at 4 cm depths. Rilling et al. (2017) 
suggest that microfibres behave differently than microbeads, with the former 
more likely to become entangled in a soil matrix. In contrast, Waldschläger and 
Schüttrumpf (2020) observed deeper sediment infiltration from spherical particles 




1.4 Pollution Sources 
Identifying microplastic sources is essential when providing an accurate 
assessment of contaminants entering an aquatic environment. Microplastics 
have been reported to derive from a variety of urban sources including solid 
waste and landfill refuse (Judy et al. 2019; Golwala et al. 2021), wastewater and 
wastewater treatment plants (Kay et al. 2018; Prata 2018; Conley et al. 2019), 
sludge application and agricultural runoff (Zubris and Richards 2005; Corradini et 
al. 2019; Lares et al. 2019), proximity to plastic production areas (Corcoran et al. 
2020a; Li et al. 2020a). and fisheries and aquaculture operations (Mathalon and 
Hill 2014; Lusher et al. 2017; Wu et al. 2020. 
 
Microplastics can also enter an ecosystem from nonpoint pollution sources, such 
as anthropogenic littering (Hoellein et al. 2014; Vincent et al. 2017), combined 
sewer overflows (Briain et al. 2020), laundering practices (Napper and Thompson 
2016; Athey et al. 2020), and atmospheric fallout (Dris et al. 2015a; 2016).  
1.5 Factors Controlling Distribution and Deposition 
The dispersal of microplastics within a lake can differ greatly by geographic 
region, and by hydrodynamic and physical processes, including water depth, 
wind and surface circulation (depending on seasonal variability), bottom currents 
and topography, and sediment type (Zbyszewski et al. 2014; Horton and Dixon 
2018; Pohl et al. 2020). Transportation models have predicted that tributaries 
flowing through or by densely populated areas and mismanaged waste 
production are contributing to the input of plastic into nearby water bodies (Zwet 
et al. 2017). The movement of microplastics within a major tributary will depend 
on channel morphology, flow rate and discharge into water bodies (Balas et al. 
2001). Rain and storm events are also responsible for transporting microplastic 
particles in aquatic systems. For instance, microplastic concentrations have been 
found to increase following 2 days of heavy rain from 400 particles/m3 to 17,383 




Banderas Bay, Mexico, rainfall was responsible for transporting land-based 
plastics into the bay (Pelamatti et al. 2019).  
River currents that flow into ambient water can deliver sediment as suspended 
load (silt and clay) and bedload (sand and gravel), by a density driven inflow 
known as a turbidity current. The loading of sediment from a river system into an 
open body of water can entrain and prograde microplastics of various densities 
into the offshore as hypopycnal and hyperpycnal density flows (Talling et al. 
2013; Paull et al. 2018).Turbidity currents have been documented as significant 
agents of microplastic transport and distribution in the deep sea, showing a 
spatial and temporal decrease in energy, moving positive and neutrally buoyant 
plastics and fine sediment grains to greater distances than negatively buoyant 
particles (Kane and Clare 2019; Paull et al. 2018). While examining the 
movement of microplastics within a simulated turbidity current, Pohl et al. (2020) 
determined that plastic fragments were more likely to accumulate at the base of 
the flow, whereas fibres were homogenously distributed. According to Ballent et 
al. (2012), pellets can travel to greater distances than from where they were 
displaced, at an average transport distance of ~0.1 km. Corcoran et al. (2020a) 
showed that pellets in Lake Superior were transported at least 430 km from their 
point of entry.  
The settling velocity of a particle is an important parameter for understanding 
microplastic transport behaviour (Ballent et al. 2012; Khatmullina and Isachenko 
2017). Depending on a particle’s properties, it may be controlled by three 
physical forces when in an aquatic environment, including gravity, buoyancy and 
drag force (Chubarenko et al. 2016). However, biofilms can alter how a particle is 
transported by changing its drag force. This was seen by Nguyen et al. (2020) 
who showed how polyurethane (PUR) plastics settled at slower velocities with 
the adherence of biological matter. Settling and rising velocity formulae suggest 
that weathered fluvial microplastic particles settle at velocities between 0.16 and 




An anthropogenic particle can settle and become deposited in benthic sediment 
in one of two main ways: 1) immediate settling based on its initial density or the 
addition of mineral fillers during production, and 2) density increase by the 
adsorption of clay minerals, adherence of organic matter or algae, fouling by 
biofilms and microorganisms, and fecal express (Wright et al. 2013; Harrison et 
al. 2014; Corcoran 2015; Nguyen et al. 2020). Density increase is often 
dependent on microplastic retention times within an aquatic system (Gebhardt 
and Forster 2018). Mixing processes within a lake system can cause the 
remobilization and resuspension of microplastics, along with density currents, 
bioturbation activities, and the ingestion of particles by aquatic organisms 
followed by fecal egestion (Cole et al. 2016). Notably, some bottom dwelling 
organisms act as natural conveyor belts to transport sediment and synthetic 
particles vertically through the sediment profile (Wendelboe et al. 2013). This 
process initiates prolonged sedimentation and burial, thereby contributing to the 
overall long-term accumulation of contaminants in the sedimentary record 
(Corcoran at al. 2014; Zalasiewicz et al. 2016). 
1.6 Microplastics in Freshwater Environments 
The prevalence, transport, and ecological impacts of microplastics in freshwater 
systems has been considered comparable to marine systems (Wagner et al. 
2014; Dris et al. 2015b; Eerkes-Medrano et al. 2015; Jian et al. 2020). However, 
the majority of literature focuses on the marine environment, which limits the 
amount of relevant knowledge concerning freshwater compartments (Blettler et 
al. 2018). It has been estimated that between 1.15 and 2.41 million tonnes of 
plastic waste enters the ocean by tributaries annually (Lebreton et al. 2017). Li et 
al. (2020b) determined high volumes of microplastics in surface water samples in 
comparison to sediment from the Yangtze Estuary, with abundances ranging 
from 0-259 items m-3 and 10-60 items kg-1 dw, respectively. This suggests that 
freshwater systems act as conduits for plastic pollution into diverse marine 





Research pertaining to freshwater environments has been evolving globally, with 
particles being found in tributaries and lakes on several continents (Horton et al. 
2017). The transport of a particle within a river system varies from an urban lake, 
with turbulent waters discharging particles downstream and at higher dispersion 
rates (Baldwin et al. 2016; Lenaker et al. 2019). High-flow events or floods can 
also dislodge particles from river sediment, resuspending them back into the 
water column (Hurley and Nizzetto 2018). Consequently, rivers can discharge 
pollutants into an adjacent water body, as demonstrated by Zhao et al. (2020), 
who estimated that ~2831 tons of microplastic pollution are being released from 
surface waters of the Qiantang River into the Hangzhou Bay annually.  
 
Wave and wind action control particle movement and distribution around lake 
coastlines. For example, beach sediment from subalpine Lake Garda in Italy saw 
greater microplastic concentrations along the north shore with 1,108 ± 983 
particles/m2, in comparison to the south shore with 108 ± 55 microplastic 
particles/m2. The northern high abundance was attributed to stronger south 
winds, resulting in surface circulation moving in a counter-clockwise direction 
(Imhof et al. 2013). Flow velocities are also lower in urban lakes, especially in the 
offshore depositional environment, with longer retention times and enhanced 
sedimentation processes contributing to long-term particle movement and burial 
(Kooi et al. 2018). Comparable to marine environments, high abundances have 
been reported in freshwater sediment as compared to surface water and the 
water column, which indicates that sediment is a natural sink for particle 
deposition and infiltration (Vaughan et al. 2017; Peng et al. 2018b). For example, 
sediment collected from Taihu Lake, China, contained greater microplastic 
abundances in sediment (11.0-234.6 items kg-1 dw), as opposed to surface water 
(3.4-25.8 items/L) (Sue et al. 2016). A maximum concentration of 539 particles 
kg-1 was also observed in sediment samples from an urban lake in North London, 





1.6.1 Microplastics in the Laurentian Great Lakes  
The Laurentian Great Lakes, hereby referred to as the Great Lakes, provide 
essential resources to both Canada and the United States, holding approximately 
21% of the world’s freshwater (EPA 2019). This aquatic system faces many 
environmental stressors, including the prevalence of primary and secondary 
plastics (Driedger et al. 2015; Anderson et al. 2016). To this end, microplastic 
pollution presents a current and emerging issue in the Great Lakes system, as 
previous publications have quantified substantial quantities in all five basins 
(Earn et al. 2020; Helm 2020).  
1.6.2 Beaches and Shorelines 
The deposition, transport, and degradation of plastic debris on beach and 
shorelines of the Great Lakes has been examined. For example, Zbyszewski and 
Corcoran (2011) and Zbyszewski et al. (2014) identified industrial pellets, plastic 
fragments, expanded PS and intact or near-intact debris in Lakes Huron, St. Clair 
and Erie. A total of 3,209 plastic debris items were observed along Lake Huron 
(n=7; 2,984 pellets, 108 fragments, 117 Styrofoam), 817 along Lake St. Clair 
(n=9; 110 pellets, 192 fragments, 117 intact or near-intact tact debris), and 1576 
along Lake Erie (n=10; 603 pellets, 934 fragments, 39 pieces of expanded PS). 
The highest concentrations by lake and beach location included the southeastern 
shoreline of Lake Huron near Sarnia, with over 94% of pellets; Presque Isle State 
Park with approximately 47% of all pellet counts (n=284) from Lake Erie; and 
Tremblay Beach (n=292) and Grosse Pointe (n=227) along Lake St. Clair. North-
moving water currents were noted to contribute to the decrease in pellet counts 
along the northeastern shoreline of Lake Huron, from Sarnia to Kincardine. 
Moreover, the chemical weathering of Lake Huron beach debris was determined 
by measuring the absorbance of carbonyl and hydroxyl groups using FTIR 
(Zbyszewski and Corcoran 2011). Surface textures such as grooves, gauges, 
and pits, and linear/crescent fracture patterns were found to be a result of 




greater degradation of plastics on Great Lakes beaches than severe surface 
oxidation (Zbyszewski and Corcoran 2011; Zbyszewski et al. 2014).  
Subsequently, a survey conducted by Corcoran et al. (2020a) documented 
industrial pellets as a significant microplastic pollutant on all five Great Lakes 
shorelines. The authors collected 12,595 pellets (ave. 19.1 pellets m2) from a 10 
m strandline on 66 beaches around the Great Lakes. Results determined that the 
majority of pellets were white, oblate and cylindrical in shape, with the most 
common distinguishing trait being a dimple. However, 74% of the pellets had no 
distinguishing traits. Similar to the results of Zbyszewski and Corcoran (2011) 
and Zbyszewski et al. (2014), Corcoran et al. (2020a) observed a substantial 
number of plastic pellets on Lake Huron beaches with a total count of 7471. 
However, after removing significant pellet count outliers in Lakes Ontario (Bronte 
Beach), Huron (Baxter Beach) and Superior (Rossport Beach), Lake Michigan 
was found to contain the highest pellet count of all lakes. High counts in Lakes 
Ontario and Huron were attributed to urban sources and proximity to the 
industrial sector, whereas pellets along a remote beach of Lake Superior were 
determined to be a result of a train derailment, which spilt pellets into the lake in 
2008. 
 
On Lake Erie, foreshore samples contained higher plastic debris concentrations 
compared to backshore samples. High counts from Long Beach (127 p kg-1 dw) 
and Rondeau Beach (146 p kg-1 dw) were attributed to geomorphological 
features, including wind direction and longshore transport (Dean et al. 2018). 
Beach samples from Lake Ontario (n=10) averaged 140 p kg-1 dw (Ballent et al. 
2016). Beach samples have also been collected and assessed for microplastics 
from Apostle Islands National Lakeshore (APIS) in western Lake Superior. 
Microplastic abundances in sand samples were relatively low, ranging from 0 to 
55 p kg-1 dw, with fibres as the dominant morphology constituting 52%.  
Anthropogenic litter (AL) has been documented on beaches of the Great Lakes 




the Alliance for the Great Lakes (Hoellein et al. 2015; Vincent et al. 2017). 
Science-generated data from the public is often used to advance knowledge and 
scientific research regarding particle types and sources, and seasonal variability. 
For example, Hoellein et al. (2015) reported that 3,908 volunteers collected a 
total of 206,055 AL from five beach locations in Lake Michigan. Of the five sites, 
the most common sources included smoking- and food-related activities, which 
accounted for >72% of the AL collected. Higher litter counts were also detected 
during the fall season, suggesting that beach grooming during the summer could 
help to reduce AL on beaches (Vincent and Hoellein 2017). Additionally, Vincent 
et al. (2017) examined nine beaches from across the Great Lakes, including 
Lake Michigan (n=4), Lake Erie (n=3), Lake Ontario (n=1), and the Niagara River 
(n=1). Similar to the previous study, consumer goods such as smoking- and food-
related items, dominate AL types (55%).  
Costello and Ebert (2020) examined microplastics in coastal dunes along the 
shores of Lake Erie and Lake Ontario, and abundances were attributed to 
aeolian transport from adjacent beaches. Similar to Zbyszewski et al. (2014), 
Presque Isle State Park had a high average abundance of 10 per m2, making up 
40% of the total per location. Sandy Island contained the highest average 
abundance with 12 per m2, representing 45% of the total. This study also 
determined particle size and shape partitioning in some of the examined dune 
locations. Large fragments and pellets were common in surface sediments, and a 
broad range of smaller fragments and fibres were common in subsurface 
samples (n=43). This suggests that small microplastics can be easily buried and 
infiltrate the sediment matrix.  
1.6.3 Lake Benthic Sediment  
The earliest examination of microplastics in surface and subsurface sediment of 
a Great Lake was by Corcoran et al. (2015), who investigated microplastics in 
two cores from Lake Ontario. The core collected from the offshore (Station 403) 




the Niagara Basin (Station 208), proximal to the Niagara River, contained a total 
of 9 particles. Lower microplastic concentrations at station 208 was attributed to 
sediment plumes from the river diverting particles east of the basin. Both cores 
contained particles down to a maximum depth of 8 cm, representing ~38 years of 
microplastic accumulation. Particles ranged in size from 0.5 to 3 mm, and were 
primarily composed of PE, PP, and nitrocellulose polymers. This was the first 
study to estimate historical microplastic accumulation in subsurface sediment of 
the Great Lakes, exemplifying an essential timeline of accumulation in the 
sedimentary record. However, limiting analysis to size fractions >500 μm could 
have resulted in count underestimations.  
 
Ballent et al. (2016) examined the distribution of microplastics in nearshore, 
tributary and beach benthic sediment of the Canadian portion of Lake Ontario. 
Nearshore sediment samples (n=33) contained the highest abundances 
averaging 980 kg-1 dw, with the majority of particles in the Toronto Harbour and 
Humber Bay. Similar to Corcoran et al. (2015), sediment cores (n=5) were 
examined, and particles were identified down to 15 cm, representing an 
approximate accrual of 90 years. Plastics-related manufacturing, distributing and 
service facilities concentrated in Southern Ontario were believed to be a direct 
source of plastic pollution into the lake. Similarly, Dean et al. (2018) examined 
microplastics in nearshore and beach surface sediment from Lake Erie. 
Nearshore abundances averaged 96 p kg-1 dw (particles per kg of dry weight 
sediment), with microfibres and fragments representing 64% and 36% of the 
total, respectively. The study indicates a potential causal relationship between 
microplastic abundances and population density. Lenaker et al. (2020) identified 
microplastic particles (>355 μm) in offshore surface sediment samples from Lake 
Michigan and Lake Erie, with averages of 65.2 p kg-1 dw and 431 p kg-1 dw, 
respectively. Greater abundances in Lake Erie compared to Lake Michigan were 
associated with greater population density and urban and agricultural land cover, 
along with direct tributary inputs from the Detroit River and Lake St. Clair. 




abundance and transport throughout the entire Lake Ontario, Lake Erie and Lake 
Michigan basins.  
1.6.4 Surface Water and Modelling 
Pelagic plastic pollution has been reported in open-water studies of the Great 
Lakes. Eriksen et al. (2013) were the first to identify plastic particles in surface 
water samples of Lakes Superior, Huron and Erie, with counts ranging from ~450 
to over 450,000 per km2, with ~90% of plastics observed in Lake Erie. In 
conjunction with Eriksen et al. (2013), Mason et al. (2016) identified particles <1 
mm during sampling of surface waters of Lake Michigan. Normalized microplastic 
abundances ranged from ~1,400 to 100,000 particles/ km2 (ave. 17,000 
particles/km2), with fragments dominating over fibres/lines (14%), pellets (4%), 
films (2%), and foams (1%). Data was extrapolated across the entire surface 
area, estimating up to 1.26 billion particles floating in Lake Michigan surface 
waters.  
 
Mason et al. (2020) studied pelagic plastic pollution in surface waters of Lake 
Ontario and Lake Erie. In Lake Erie, surface water samples from 2012-2014 
(n=33) ranged from ~1,400 to over 460,000 particles/km2. Interestingly, particle 
size was consistent throughout the three years, with the majority of the particles 
(ave. 79%) within the smallest size class (1 mm- 0.355 mm). Particle types from 
Lake Erie were primarily fragments and pellets. Microplastic particles were also 
prevalent in surface waters of Lake Ontario and the St. Lawrence River, with a 
range of ~6,000 to over 1.3 x 106 particles/km2. Similar to the Lake Erie samples, 
68% of microplastics fell within the smallest size fraction, and fragments and 
pellets dominated particle morphologies.  
 
Circulation and transport models have predicted the distribution of microplastics 
within the surface waters of the Great Lakes. A transport model of buoyant 
particles by Cable et al. (2017) in Lake Erie, revealed that positively buoyant 




(1.7 years). This suggests that neutrally buoyant particles exceed retention time 
estimates of 2.7 years. Results from surface water field surveys also suggested 
that particles were more abundant near urban areas. In a separate study, particle 
transport models were used to understand the surface transport of microplastic 
particles in the Great Lakes using census data to estimate microplastic 
accumulation in the nearshore (Hoffman and Hittinger 2017). This was the first 
two-dimensional (2-D) mass estimate of microplastics in surface waters of Lake 
Superior (0.0211 metric tonnes), Lake Huron (1.44 metric tonnes), and Lake Erie 
(4.41 metric tonnes), estimating ~9,887 metric tonnes of plastic enter the Great 
Lakes, annually.  
 
Mason et al. (2020), used a modelling framework similar to that of Hoffman and 
Hittinger (2017), to model the transport of plastics in open water and nearshore 
surface waters of Lake Erie. Data obtained from 2012 to 2014 yielded similar 
particle counts, estimating ~475 million microplastics, totalling a 2-D mass of 6.45 
metric tons within surface waters of Lake Erie. The authors found that modelling 
simulations fit well with multi-year sampling results, with the exception of the 
eastern Lake Erie basin in 2012. The differences between modelled and 
measured abundances was attributed to physical mechanisms such as vertical 
mixing, density-driven changes, and particle deposition. 
 
Daily and Hoffman (2020) modelled the 3-D transport of microplastics in Lake 
Erie, illustrating the first attempt at modelling the advection, vertical distribution, 
and deposition of microplastics through the water column. The model was run 
over six months, examining various polymer types (PP, PS, PVC, PET, EPS), 
and neutrally buoyant particles with and without turbulent vertical mixing. Results 
predicted that 60% or 80% of plastics entering the lake are more likely to remain 
in the surface water, specifically the positively buoyant particles PE, EPS, and 
PP. The study estimated the 3-D mass pollution of plastics within Lake Erie at 





Microplastics have been documented in surface water and sediment samples 
from freshwater tributaries flowing into the Great Lakes watershed. These fluvial 
systems also function as a major transport conduit of microplastics into the Great 
Lakes continuum, eventually making their way into the Atlantic Ocean via the St. 
Lawrence River (Castañeda et al. 2014; Crew et al. 2020).  
 
Baldwin et al. (2016) is the most extensive survey assessing the contribution of 
microplastics from tributaries into the Great Lakes. A total of 29 tributaries were 
evaluated across different land uses and during high and low flow events. 
Surface samples were examined for synthetic particles, with abundances ranging 
from 0.05 to 32 m3. The authors determined that 72% of the particles fell within 
the size range of 0.355 to 0.99 mm, and that fibres/lines dominated particle 
morphologies. Results also correlated microplastic abundances with watershed 
population density. McCormick et al. (2016) collected downstream and upstream 
water samples from rivers and creeks around Chicago, IL, draining into Lake 
Michigan. Every net sample contained microplastic particles, with greater 
abundances observed downstream (ave. 17.93 m-3) of a wastewater treatment 
plant effluent than upstream (ave. 1.94 m-3). This study determined that WWTP 
effluent is a point source of microplastic transport into fluvial systems, suggesting 
that wastewater-associated organisms could have an affinity to plastic particles.  
Corcoran et al. (2020b) correlated microplastic abundances in the Thames River, 
London, Canada to river morphology, grain size, and amount of organic debris. 
Concentrations ranged from 6 to 2444 p kg-1 dw, with fragments accounting for 
63% of the total, followed by fibres with 37%. Lower microplastic abundances 
were observed along river straights versus outer bends due to greater flow 
velocities. Additionally, fine and medium sand samples contained greater 
abundances than coarser grain sizes, suggesting that particles are being 
deposited in low energy fluvial environments. Samples containing greater 




microplastic concentrations. This is likely due to the adherence of organic matter 
on buoyant particles causing them to sink to the river bottom (Kooi et al. 2018).  
 
Lenaker et al. (2019) collected surface and subsurface water and sediment 
samples of the Milwaukee, Menomonee, and Kinnickinnic rivers flowing into Lake 
Michigan, to examine the vertical distribution of microplastics through the water 
column. Mean surface water, subsurface water, and sediment sample 
concentrations varied from 0.54 to 1.6 m-3, 0.14 to 2.7 m-3, and 32.9 to 6,229 p 
kg-1 dw, respectively. The most abundant particle type in surface water and 
sediment was foam with 41% and 66%, respectively, whereas subsurface waters 
were dominated by fibres/ lines with 89%. Interestingly, 97% of the foam 
identified in the sediment was black and was identified by py-GCMS as styrene-
butadiene rubber (SBR), a likely result of tire wear. Surface and subsurface water 
and sediment samples contained the highest particle counts within the smallest 
size fractions. This study indicates that overestimations and bias could occur 
from surface-only sampling, and the authors recommend that samples be 
collected at multiple depths throughout the water column to better understand 
abundances and polymer distributions.  
1.6.6 Biota 
To date, only a handful of studies have investigated the ingestion and uptake of 
microplastics in freshwater biota within the Great Lakes watershed. McNeish et 
al. (2018) found microplastics in fish and water samples from the Muskegon 
River, Milwaukee River and the St. Joseph River, three tributaries of Lake 
Michigan. Abundances ranged from 10 to 12 particles per fish, with all fish and 
water samples predominantly composed of microfibres (~97-100%). Fibre 
compositions varied within the digestive tissue of fish and included PE, 
polyacrylonitrile, polyacetal, and polyvinyl acetate. Athey et al. (2020) identified 
microfibres in 65% of rainbow smelt collected from the Great Lakes, with a mean 
of 8.6 ± 14 microfibers per g of tissue wet weight (ww)-1. The authors found that 




modified cellulose such as indigo blue denim. A study completed by Munno 
(2017) revealed the ingestion and retention of PS foam beads (22 particles) in 
rainbow trout Oncorhynchus mykiss. Many of these PS foam beads were found 
near the top of the esophagus and stomach of fish. Wardlaw et al. (2020) 
examined the uptake of microplastics in freshwater mussels Lasmigona costata 
from the Grand River, a river that empties into the north shore of Lake Erie. 
Despite low abundances, microplastics were detected in at least one mussel at 
every sampling location, with a maximum abundance of 7 found in a single 
mussel. These four studies indicate that research into microplastic exposure to 
biota in freshwater compartments of the Great Lakes is limited, and future studies 
need to be conducted to gain insight into ecological impacts.  
1.7 Ecological Effects 
Microplastic-biota interactions in marine and freshwater habitats are notoriously 
complex, raising multiple concerns about potential adverse effects on 
ecosystems. Microplastic exposure can often depend on the feeding type of 
organisms (Scherer et al. 2017). For example, suspension and filter feeders like 
zooplankton (Cole et al. 2015), bivalves (Brown 2008), crustacea (Watts et al. 
2014), and fish (Lusher et al. 2013) are more likely to ingest and possibly retain 
microplastics while feeding on suspended particulate matter, whereas deposit 
feeders can ingest microplastics when foraging for food in sediment (Scherer et 
al. 2017).  
Over long transport distances, microplastics can serve as vectors for various 
contaminants, adsorbing environmental pollutants from surrounding waters 
(Rochman et al. 2013). Polymers consist of porous surfaces that can also allow 
additives such as plasticizers and flame retardants to migrate and disperse into 
surroundings (Teuten et al. 2009). Some leachates have been classified as 
endocrine disrupting chemicals like phthalates and bisphenol A (BPA), which 
have been documented to influence reproduction and impair development in 




demonstrated the leaching of persistent organic pollutants (POPs) and plastic 
additives from sediment to organisms (Gouin et al. 2011; Browne et al. 2013). 
Nonylphenol and BPA concentrations have been observed to filtrate into the 
digestive tracts of the lugworm Arenicola marina (Koelmans et al. 2014). 
Moreover, particles that contain large surface-to-volume ratios are subject to 
enhanced biofilm growth which can facilitate metal adsorption and accumulation 
on surfaces (Richard et al. 2019; Guan et al. 2020).   
Numerous studies have investigated the uptake, translocation, and retention of 
microplastics across multiple trophic levels (Wright et al. 2013; Coyle et al. 2020). 
For example, tests completed by Browne et al. (2008) presented the 
translocation of microplastics from the gut to the circulatory system of Mytilus 
edulis mussels. Laboratory tests completed by Setälä et al. (2014), Farell and 
Nelson (2013) and Watts et al. (2014) demonstrate the trophic transfer of 
microplastics from zooplankton to crustacean, and from mussels Mytilus edulis to 
crab Carcinus maenas. Results from the latter studies indicate that the shore 
crabs retained microspheres within their body tissue for up to 14 days. Although 
the uptake of microplastic has been observed within trophic levels (Besseling et 
al. 2013; Alava 2020), the in-situ biomagnification of microplastics is not yet 
evident at higher trophic levels (Miller et al. 2020).  
1.8 Implications to Human Health 
Microplastic exposure to humans has been proposed based on studies of 
seafood sold for human consumption (Van Cauwenberghe and Janssen 2014; 
Rochman et al. 2015b; Smith et al. 2018) and on drinking water sources 
(Koelmans et al. 2019), suggesting consumption could cause implications to 
human health. Cox et al. (2019) studied the consumption of microplastics in 
commonly consumed foods in the United States. While currently studied human 
consumables could only account for 15% of the caloric intake of an average 




annually. Moreover, values increased to 74,000 and 121,000 particles with 
consideration of inhalation. 
 
Pauly et al. (1998) were the first to report the inhalation of synthetic and natural 
fibers up to 250 μm in size, discovering inhaled fibres in 97% of malignant lung 
tissue. Since 1998, the awareness of the inhalation of indoor and outdoor 
atmospheric microplastic particles has increased, however, the exposure and 
fate of inhaled particles and their potential adverse effects to human respiratory 
health is unclear (Amato-Lourenço et al. 2020). 
1.9 Structure of Dissertation 
The motivation of this work is to provide empirical evidence on the prevalence 
and extent of microplastics in bottom sediment of the Great Lakes, particularly 
Lake Huron and Lake Ontario. This dissertation is organized into three main 
chapters, all of which will be published in peer-reviewed journals (Chapters 2, 3 
and 4). The introductory chapter (Chapter 1) details the fate of global plastic 
production, plastic types and properties, and elucidates the behaviour, transport, 
and prevalence of microplastics in the natural environment. The discussion/ 
conclusion chapter (Chapter 5) ties together information garnered from each 
manuscript chapter, provides major conclusions and emphasizes future research 
needs.  
 
Chapter 2 assesses background microfibre contamination within various working 
spaces in the Corcoran Research Lab. The intra-lab study examines negative 
control samples following the application of suitable clean-air devices. A review 
of previous studies compares quality assurance and control (QA/QC) protocols 
between 50 studies that have reported microplastics in sediment. This 
manuscript will be submitted to a special volume, “Plastic Contamination: 





Chapter 3 provides the first detailed analysis of microplastic particles in benthic 
sediment of Lake Huron, including major waterbodies: Georgian Bay, the North 
Channel and Saginaw Bay. The study examines microplastic abundances and 
dispersion throughout the entire lake by examining accumulation hotspots, 
potential pathways and sources of contamination. This manuscript will be 
submitted to the journal Marine Pollution Bulletin.  
 
Chapter 4 examines the vertical distribution of microplastic in 15 cm core depths 
from Lake Huron and Lake Ontario. This study ascertains morphologies, sizes, 
colours and polymer compositions of three sediment profiles (1 in Lake Huron 
and 2 in Lake Ontario). This is the first investigation to quantify historical 
microplastic accumulation rates using 210Pb dated sediment chronologies of Lake 
Huron, and estimated chronologies of Lake Ontario. This manuscript will be 
submitted to the Journal of Great Lakes Research.  
 
The appendices provide detailed information regarding the quantification of 
microplastics, incorporating all particle counts (N) and abundances (p kg-1 dw), 
along with QA/QC, statistical and analytical results.  
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Chapter 2  
2 Prioritizing Suitable Quality Assurance and Control 
Standards to Reduce Laboratory Airborne Microfibre 
Contamination in Sediment Samples 
2.1 Abstract 
The ubiquity and distribution of microplastics, particularly microfibres, in outdoor 
and indoor environments makes it challenging when assessing and controlling 
background contamination, as atmospheric particles can be unintentionally 
introduced into a sample during laboratory analysis. As such, an intra-laboratory 
examination and literature review was completed to quantify background 
contamination in sediment samples, in addition to comparing reported quality 
assurance and control (QA/QC) protocols in 50 studies examining microplastics 
in sediment from 2010 to 2021. The intra-lab analysis prioritizes negative 
controls, placing procedural blanks in various working labs designed to prepare, 
process, and microscopically analyse microplastics in sediment. All four labs are 
subject to microfibre contamination, however, following the addition of alternative 
clean-air devices (microscope enclosure and HEPA air purifiers), contamination 
decreased by 66% in laboratory B, and 70% in laboratory C. A review of 
microplastic studies suggests 90% are not including alternative clean-air devices 
in their QA/QC approaches. Studies are found to be at greater risk of secondary 
contamination, as 74% of them ranked as medium (0.40) to high contamination 
risk (0.34). It is imperative that laboratories incorporate matrix-specific QA/QC 
approaches to minimize false-positives and improve transparency and 
harmonization across studies.  
2.2 Introduction 
Commercialized microfibres of synthetic and natural origin have become a topic 
of concern, as numerous studies have documented their prevalence in biota 




(Woodall et al. 2014; Ballent et al. 2016; Martin et al. 2017; Corcoran et al. 
2020a), and in the water column (Dai et al. 2018; Absher et al. 2019; Lenaker et 
al., 2019; Suaria et al. 2020). Microfibres are easily dispersed in all 
environmental matrices because of their size (<5 mm), shape and composition. 
Vegetal (natural) microfibres are often recognized as cellulosic and 
proteinaceous, and synthetic microfibres are chemically synthesized (human-
made or anthropogenic) polymers, including nylon, acrylonitrile, and polyester 
(Plastics Europe 2015). Anthropogenic microfibres, which may be entirely 
synthetic or human-altered natural fibres, degrade from textiles into secondary 
sources. The domestic washing of textiles has been reported as a significant 
source of microfibre pollution, indirectly discharging particles into wastewater and 
into the environment. For example, Browne et al. (2011) approximated 1900 
microfibres are released per wash, whereas Sillanpää and Sainio (2017) reported 
greater counts ranging from 2.1 × 105 to 1.3 × 107, with subsequent washes 
shedding fewer polyester and cotton fibres. The latter study examines fibres from 
100 to 1000 μm in length and 10 to 20 μm in width, suggesting that microfibres 
could be passing through filter pore sizes >20 μm. Moreover, accelerated 
laundering experiments determined that polyester fabrics shed less in 
comparison to cellulose-based varieties, with 0.1–1 mg/g and 0.2–4 mg/g fabric, 
respectively (Zambrano et al. 2019). Microfibres have been detected in 
wastewater treatment plant (WWTP) discharge and sludge (Mason et al. 2016; 
Conley et al. 2019; Sun et al. 2019). The sludge, which is often spread on 
agricultural fields, has great potential to release microfibres into the environment 
during runoff events (Corradini et al. 2019). Microfibres have also been found in 
atmospheric fallout (Brahney et al. 2020, 2021), ranging from 29 to 180 particles 
m-2 day-1 (Dris et al. 2015), and have even been identified in remote Arctic 
locations (Bergmann et al. 2017). Microfibre pollution has been identified in 
remote areas such as the Pyrenean Mountains, thus implying that atmospheric 
transport acts as an essential pathway for the deposition of microfibres (Zhang et 




Microplastic (MP) abundances determined in indoor environments show that 
humans are being exposed to indoor MP concentrations (33% synthetic) ranging 
between 1.0 and 60.0 microfibres/m (Dris et al. 2016; Martin et al. 2017). 
Deposition of airborne microfibres in laboratory settings has also been 
recognized as a source of MP contamination (Hidalgo-Ruz et al. 2012; Nuelle et 
al. 2014; Underwood et al. 2017; Wu eu al. 2019). Considering that microfibres 
are often recorded as the dominant MP form in many investigations, it is possible 
that airborne laboratory contamination is accounting for the majority of the 
microfibres found in environmental samples. For example, Corcoran et al. 
(2020a) determined that the total number of microfibres in benthic samples from 
the Thames River, Canada decreased by 16% following laboratory and field 
blank subtraction. The issue of microfibre shedding, fallout and transport in 
environmental samples is concerning, as overestimates of microfibre counts 
could occur and potentially result in research error. Applying adequate quality 
assurance and controls (QA/QC) is not only necessary in every working 
laboratory environment, but is also essential during every methodological stage 
when investigating MPs in sediment. Negative controls, in the form of blanks, are 
necessary when designing a scientific experiment and determining its validity 
(McGregor 2001). 
 
This study prioritizes and applies laboratory blank samples and clean-air devices 
as precautionary tools to minimize anthropogenic microfibre contamination. 
Airborne particles were counted and compared between different working labs 
and the results indicate whether airborne microfibre transport is reduced when 
employing suitable QA/QC. The objectives of this study were to: (1) identify, 
isolate and document microfibre contamination in various Corcoran Research 
Labs and throughout all experimental phases (processing and imaging) by 
examining 14 replicate procedural blank samples;  (2) apply ideal quality 
standards and precautionary measures in the form of clean-air devices to help 
control and reduce microfibre fallout and transport; (3) qualitatively assess and 




and (4) recognize trends, gaps, and provide recommendations on how to mitigate 
background contamination and avoid research error.  
2.3 Methods 
2.3.1 Intra-lab 
The research that was carried out involved many methodological stages and took 
place in different laboratory spaces all within the Corcoran Research Lab at the 
University of Western Ontario. As a result, several precautionary measures were 
taken to reduce background contamination. Cotton lab coats were worn and 
washed regularly by researchers working and entering the labs. Glass jars and 
containers were meticulously rinsed with reverse osmosis (RO) water, air dried, 
and covered with aluminum foil to reduce air exposure. Equipment was wiped 
down before and after every use, and linoleum floors were vacuumed before 
exiting the labs using a cordless vacuum. Work solutions were also pre-filtered 
prior to sample processing. These measures are encouraged because indoor 
contaminants, such as microfibres can be resuspended from the bare floor by 
human movement (Gasperi et al. 2015).  
 
To compare the number of microfibres under different conditions, clean-air 
devices were employed during sample processing and imaging. A metal 
microscope enclosure was also constructed to fit around a Nikon SMZ1500 
microscope to act as a barrier to free falling particles (Fig. 2.1a). Finally, HEPA 
air purifiers (Winix FreshHome P300 HEPA Air Purifier) were placed in Labs B 
and C (Fig. 2.1b), along with glass-fibre filters positioned on air exhaust systems 






Figure 2.1: Images of laboratory control measures. A) Metal microscope 
enclosure designed to reduce background contamination. B) Microfibres 
entangled within a black carbon filter examined from a HEPA air purifier. C) 
A blue fibre identified in a glass-fibre filter from an air exhaust unit.  
 
Two samples from each of seven experimental set-ups were examined for 
anthropogenic microfibres (Table 2.1). Acronym terminology is as follows: A1, 
B1, D1 and A2, B2, and D2 are two negative control set-ups in three different 
labs (Labs A, B and D); B.F1 and B.F2 are controls taken in Lab B with filters in 
place; C.NME1 and C.NME2 are controls taken in Lab C without a microscope 
enclosure; C.ME1 and C.ME2 are controls taken with the inclusion of a 
microscope enclosure; and lastly, C.ME.F1 and C.ME.F2 are controls taken with 
the microscope enclosure and filters.  
 
Each sample contained approximately 8g of clean, previously inspected sediment 
cleared of anthropogenic particles before examination took place, in an 
uncovered glass petri dish (10 cm diameter x 1 cm high). The methodology for 




Lakes Huron, Erie, Ontario, and the Thames River, London (Corcoran et al. 
2015; Ballent et al. 2016; Dean et al. 2018; Corcoran et al. 2020a). All sediment 
samples inspected contained zero MPs prior to quality control analysis. 
Laboratory blanks were exposed to the air during sediment-microplastic density 
separation and during visual identification of MPs under a stereomicroscope. 
Blanks were placed on surfaces and under equipment where continual work took 
place. The time of exposure depended on the average time required to process 
and examine sediment samples in each lab (Table 2.1).  
 
Labs A and B are primarily used for sediment-microplastic preparation and 
processing using a magnetic stirrer, separatory funnels, polycarbonate sieve for 
rinsing, and a standard oven. Labs C and D are used to visually examine, 
characterize, collect and photograph anthropogenic particles (Table 2.1). Lab D 
was utilized during the imaging methodological stage to continue experimental 
momentum while the original microscope was being repaired in lab C.  
A total of 13 randomly selected anthropogenic microfibres, representing ~20% of 
each examined colour group (8 blue, 4 black, 3 pink), underwent compositional 
analysis. Particles were transferred to a diamond compression cell, compressed 
and analyzed using attenuated total reflection Fourier-transform infrared 
spectroscopy (ATR-FTIR) using a Bruker Tensor II spectrometer. The spectra 
















Methodological Stage and Purpose
Exposure 
Time
Precautionary Measures Blank Blue Black Pink Total
Lab A Preparation and Processing  1 hour 1. Cotton laboratory coats worn during preparation and processing A1 2 1 0 3
Sediment- microplastic density separation using a magnetic 2. Equipment rinsed and wiped down before and after use
stirrer, glass separatory funnels, a polycarbonate sieve 3. Glassware covered with aluminum foil
for rinsing, and a drying oven A2 0 0 0 0
Lab B Preparation and Processing  1 hour 1. Cotton laboratory coats worn during preparation and processing B1 4 2 2 8
Sediment- microplastic density separation using a magnetic 2. Equipment rinsed and wiped down before and after use
stirrer, glass separatory funnels, a polycarbonate sieve 3. Glassware covered with aluminum foil
for rinsing, and a drying oven 1 hour 1. Cotton laboratory coats worn during preparation and processing B2 4 2 1 7
2. Equipment rinsed and wiped down before and after use
3. Glassware covered with aluminum foil
1 hour 1. Cotton laboratory coats worn during preparation and processing B.F11 1 1 1 3
2. Equipment rinsed and wiped down before and after use
3. Glassware covered with aluminum foil
4. HEPA air purifier
5. Glass-fibre filter
1 hour 1. Cotton laboratory coats worn during preparation and processing B.F21 1 0 1 2
2. Equipment rinsed and wiped down before and after use
3. Glassware covered with aluminum foil
4. HEPA air purifier
5. Glass-fibre filter
Lab C Imaging 2 hours 1. Cotton laboratory coats worn during microscopy C.NME123 3 1 7
Visual examination, characterization and collection of 2. Equipment rinsed and wiped down before and after use
anthropogenic particles using a Nikon SMZ1500 microscope  2 hours 1. Cotton laboratory coats worn during microscopy C.NME227 5 1 13
2. Equipment rinsed and wiped down before and after use
2 hours 1. Cotton laboratory coats worn during microscopy C.ME13 4 2 2 8
2. Equipment rinsed and wiped down before and after use
3. Microscope Enclosure
2 hours 1. Cotton laboratory coats worn during microscopy C.ME23 2 1 1 4
2. Equipment rinsed and wiped down before and after use
3. Microscope Enclosure
2 hours 1. Cotton laboratory coats worn during microscopy C.ME.F142 0 0 2
2. Equipment rinsed and wiped down before and after use
3. HEPA air purifier
4. Microscope Enclosure
5. Glass-fibre filter
2 hours 1. Cotton laboratory coats worn during microscopy C.ME.F243 1 0 4
2. Equipment rinsed and wiped down before and after use
3. HEPA air purifier
4. Microscope Enclosure
5. Glass-fibre filter
Lab D Imaging 2 hours 1. Cotton laboratory coats worn during microscopy D1 4 1 0 5
Visual examination, characterization and collection of 2. Equipment rinsed and wiped down before and after use
anthropogenic particles using a Nikon SMZ1500 microscope  D2 2 1 0 3
in a lab different from Lab C
1 Control with HEPA air purifier and glass-fibre filters
2 Control with no microscope enclosure
3 Control with microscope enclosure
4 Control with microscope enclosure, HEPA air purifier and glass-fibre filters
Table 2.1: Various precautionary measures and negative control tests taken in laboratories A, B, 
C and D to asses microfibre contamination during all methodological stages when analysing 




2.3.2 Review of Previous Studies 
We compared 50 studies reporting MPs in sediment with respect to reporting and 
usage of quality control and assurance (QA/QC) methods. We devised a system 
similar to those developed by Hermsen at al. (2018) and Koelmans et al. (2019), 
which prioritized improving quality standards when reporting MPs in water and 
biota. These authors accomplished their goals by evaluating numerous records 
and providing a score based on each quality assurance and control practiced.  
We gave scores to the 50 sediment studies by critically examining experimental 
methodologies and each was given a checkmark if they satisfied the criteria of 
the following five sections, Lab Preparation and Processing, Clean-Air Devices, 
Inclusion of Procedural Blank(s), Reported Blank Totals, and Negative Control 
Corrections (Table 2.2). Criteria were chosen based on a QA/QC methodological 
framework constructed by Brander et al. (2020). Developed from agreed-upon 
methodologies used by numerous laboratories, Brander et al. (2020) provides a 
standardized approach for sediment sampling of microplastics and appropriate 
QA/QC protocols.  
 
In order to receive a checkmark, a study needed to include a minimum of two 
precautionary measures for Lab Preparation and Processing. A checkmark was 
allotted if a researcher rinsed all glassware thoroughly and kept it covered with 
non-plastic material during all procedural processes, if surfaces were regularly 
wiped down, and if cotton lab coats were worn. A study did not receive a 
checkmark if the contamination prevention was solely dependent on wearing 
cotton lab coats.  
 
A checkmark was given to the Clean-Air Devices criteria if additional actions 
were taken to reduce poor air conditions in the laboratory, including the use of a 
microscope enclosure and/or HEPA air purifiers. A checkmark was not provided 
in the Clean-Air Devices criteria if environmental samples were analysed in an 
operating fume hood or laminar flow cabinets. A recent study states that because 




condition, as it increases the risk of airborne contaminants (Hermsen et al. 2018). 
One investigation tested the efficiency of fume hoods when examining 
microplastic pollution samples and recognized that the laboratory fume hood 
reduced contamination by 50%, but did not fully prevent it, and could not protect 
a sample from secondary contamination (Wesch et al. 2017). The prior study 
also reported a 97% decrease in fibre contamination when working in a laminar 
flow hood, in comparison to exposed laboratory air. Conducting laboratory steps 
in a controlled air environment such as a laminar flow hood and cleanroom is 
recommended to help minimize air contamination (Prata et al. 2021), however, it 
may not eliminate it entirely as both require regular cleaning and maintenance. 
Prata et al. (2020) identified a mean of 27 microfibres from procedural blank 
samples taken over a 3 week period, suggesting the shedding and deposition of 
particles could have originated from cotton lab coats and paper towels.  
 
A checkmark was given to the Inclusion of Procedural Blank(s) column if it 
accounted for negative controls, specifically procedural blanks. Blank samples 
were characterized as clean petri dishes or jars containing previously examined, 
unpolluted sediment or water. Void petri dishes and filter papers were also 
considered, although not the favourable option. In the Reported Blank Totals 
section, if the total number of airborne contaminants was recorded in the paper, it 
would receive a checkmark. Lastly, if researchers corrected for the microfibre 
counts in their overall totals and/or results, a checkmark was given to Negative 
Control Corrections. If a study did not satisfy these standards, it was given a 0. 
Checkmarks were tallied and organized according to risk: high risk (0-1), medium 
risk (2-3) and low risk (4-5). 
 
Information regarding positive controls were not recorded in Table 2.2, although 
they represent an important methodological step when understanding airborne 
microfibre contamination. Positive controls are not a common practice among MP 
researchers, especially those specializing in sediment. However, particle 




number of MPs (different size classes and polymer types) during sample 
processing to determine possible interferences and time-related losses (Blair et 
al. 2019; Saarni et al. 2021).  
2.4 Results  
2.4.1 Number, Composition and Intra-lab Comparisons 
The blank samples were examined under a stereomicroscope within a 
microscope enclosure, and anthropogenic microfibres were the only MP 
morphology. Microfibers have been documented as one of the most prevalent 
types of anthropogenic (man-made) particles (Bagaev et al. 2017; Suaria et al. 
2020). Rochman et al. (2015) characterized microfibres as the dominating 
anthropogenic debris type recovered from fish digestive tracts. Similarly, 
Huntington et al. (2020) characterizes cotton textiles as anthropogenic particles 
(down to ~100mm) when examining sediment samples from the Arctic. The 
microfibres were counted and categorized according to color. A total of 69 
microfibres (average ± SD: 5 ± 3.36) were recorded. Three colors were identified 
in all 14 blank samples, which were blue (39 microfibres; average ± SD: 2.79 ± 
1.76), black (20 microfibres; average ± SD: 1.43 ± 1.34), and pink (10 
microfibres; average ± SD: 0.71 ± 0.73). The average microfibre length was 2.0 
mm, with a minimum and maximum length of 0.87 mm and 4.32 mm, 
respectively. Average microfibre sizes were comparable amongst all colors: 1.86 
mm for blue, 1.69 mm for black, and 2.50 mm for pink microfibres.   
A total of 15 particles (8 blue, 4 black, 3 pink) were randomly selected, 
representing ~20% of each colour total, for ATR-FTIR analysis. Cellulosic fibres 
dominated polymer counts with 93%, along with one pink polyethylene 
terephthalate (PET) particle. Results indicate that the majority of secondary lab 




The results suggest that set-ups B1 and B2 produced greater amounts of 
airborne contaminants, with an average 7.5 microfibres, in comparison to set-ups 
A1 and A2, with an average of 1.5 microfibres (Table 2.1; Fig. 2.2a). However, 
when comparing average abundances between B1+B2 and B.F1+B.F2, 
contamination decreased by 66%, from 7.5 microfibres to 2.5 microfibres. For lab 
C, a total of 20 microfibres were identified in samples without a microscope 
enclosure (C.NME1 and C.NME2), 12 microfibres with the inclusion of a 
microscope enclosure (C.ME1 and C.ME2), and 6 microfibres with the 
microscope enclosure, HEPA air purifier and glass-fibre filter (C.ME.F1 and 
C.ME.F2). When comparing microfibre abundances between C.NME and C.ME 
samples, the number decreased by only 30%. When comparing blank set-ups 
between lab D (D1 + D2) and lab C (NME1 + C.NME2) over a two-hour sampling 
period, lab D exhibited 75% fewer microfibres than lab C, before a microscope 
enclosure was introduced. An average of 4 microfibres were observed in D1 + 
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2.4.2 Comparing Contamination Controls Between Studies 
Table 2 suggests that scientists are not prioritizing quality assurance and controls 
(QA/QC) in their procedural designs or are not properly reporting their QA/QC 
data in their papers. The maximum count of 5 was achieved by three sediment 
studies, and 13 studies (26%) were at a lower risk of airborne contamination, 
receiving a total of 4 to 5 checkmarks. Only 5 studies recorded the inclusion of 
clean-air devices, many of which included HEPA air filters. This suggests that 
90% of studies are not employing quality controls that could help minimize 
laboratory contamination. Moreover, 74% of sediment samples fall within medium 
(0.40) to high risk (0.34). Hence, QA/QC within laboratories may have been 
repeatedly disregarded, as the mean among the 50 studies is 2.16 (2: medium 
risk), with a mode of 0 (high risk) (Fig. 2.3a). This average in addition to the 
average of each criterion (<1), is consistent with the results identified by 
Koelmans et al. (2019) for water and biota. The averages determined between 
the five quality assurance criteria suggest major room for improvement, 
especially Clean-Air Precautions (0.05), and Negative Control Corrections (0.34). 
The other criteria averages include Lab Preparation and Processing (0.50), 
Reported Blank Totals (0.50), and Inclusion of Procedural Blank(s) (0.72) (Fig. 
2.3b). All of these criteria are of similar importance, and together they represent a 
standardized QA/QC approach to minimizing secondary contamination in a 
laboratory environment when analysing microplastics in sediment. 
 
Despite contamination measures being inconsistent across studies, protocols are 
being adapted to reduce airborne laboratory contamination and cross-
contamination between samples. For example, designated cleanrooms are 
Figure 2.2: Atmospheric microfibres detected before and after the addition 
of clean-air devices. A) Comparing controls between labs A and B, during 
the preparation and processing methodological stage, B) Comparing 






recommended when processing and visually examining microplastics in 
environmental samples, as precautions are taken to monitor and test cleanliness 
(Prata et al. 2021). Additionally, some ultra-cleanroom entrances incorporate air 
showers to remove pollutants from the outside ambient air (Liu et al. 2019). 
Precautions can also be taken to minimize contamination by wearing low-
shedding suits and rubber shoes, often used in forensic analysis (Woodall et al. 
2015). As of late, standardized devices such as HEPA filters are being integrated 
into laboratory methodologies to improve air quality and minimize airborne 
particulate matter (Dehaut et al. 2019; Moore et al. 2020).  
 
Table 2.2: Comparing quality assurance and controls in studies 
investigating microplastics in sediment. A checkmark was allocated to a 
study if it satisfied the desired criteria, then tallied (0-5) and assigned a risk 





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Figure 2.3: Illustrations of intra-study results. A) Relative proportion of 
studies ranking low, medium and high contamination risk. B) Percentage of 
each QA/QC criterion. 
 
None of the analysed studies mentioned the application of Clean-Air Devices 
during all methodological phases, thereby presenting a methodological gap when 
running experiments, especially when investigating MPs in sediment. According 
to the Inclusion of Procedural Blank(s) average, the issue of background 
contamination in sediment samples is growing. However, when comparing 
sediment records, only half of the evaluated studies (n=25) had stated having 
taken necessary precautions when preparing and processing samples. This 
implies that 50% of sediment studies are not embracing an essential QA/QC 
standard when in the laboratory.  
 
When comparing reports that detail MPs in sediment, the columns concerning 
negative controls within the lab (Inclusion of Procedural Blank(s), Reported Blank 





























studies include all necessary criteria in their protocols. Notably, 50% of sediment 
reports did not record total microfibre counts from blank samples, and 66% did 
not correct for negative controls identified. This could potentially falsify total 
microfibre counts, resulting in overestimates.  
 
Many of the studies exhibited inconsistencies and ambiguity during sample 
preparation and processing. For example, some studies expressed that the 
researchers had only worn cotton clothing during experimental processes, which 
is not a preventative measure against microfibre shedding. Further actions are 
required, such as covering glassware with aluminum foil, and rinsing equipment 
and supplies thoroughly after use. Alternatively, some studies stated that lab 
coats were worn, but failed to state if the coat was composed of cotton vs. 
polyester. Cotton lab coats are often absent in MP studies, and had not become 
consistent laboratory staples until 2014 (Van Cauwenberghe and Janssen 2014). 
Microfibres could also settle out from the air onto a lab coat worn in the 
laboratory. To test this theory, a simple tape test was completed on a white 
cotton lab coat. The taping procedure was modified from De Wael et al. (2010), a 
study investigating the “sheddability” of textiles. A small piece of double-sided 
tape (30 x 12 mm) was placed on a transparent microscope slide and examined 
for potential microfibre contamination under the microscope. The slide with the 
tape was then applied gently to an area on the coat. This test was completed 
twice, on the coat collar (Test 1) and the right sleeve (Test 2). The coat collar 
was selected because it would theoretically be a hotspot for airborne microfibre 
contamination when worn or placed aside, and the right sleeve was selected 
because it was the examiner’s dominant picking hand. Test 1 on the coat collar, 
revealed a total of 12 microfibres; 3 black, 6 blue, 2 pink, and 1 green. Test 2 on 
the right sleeve, revealed a total of 4 microfibres; 2 pink, 1 blue, and 1 black.  
A checkmark was justified for the Inclusion of Procedural Blank(s) criteria, even if 
the method to collect microfibre fallout varied. For instance, a checkmark was 
provided if a study used a jar of water, filter paper or an empty petri dish. 




examined sediment should be used as a procedural blank. Airborne microfibres 
are more likely to adhere to a sediment base, thereby mimicking the fallout of 
microfibres in the natural environment (McGregor 2001; Underwood et al. 2017).  
2.5 Discussion 
Our experimental study indicates that clean-air devices, such as a HEPA air 
purifier and microscope enclosure, are relatively simple and cost-effective 
laboratory applications that are highly recommended when investigating MPs in 
sediment samples. The 66% decrease in microfibre contamination from B1+B2 to 
B.F1+B.F2 is interpreted to be the result of adding the HEPA air purifier. 
Microfibre contamination was examined in a white and black carbon filter 
positioned within one of the HEPA air purifiers. A 5 x 5 cm filter dimension 
exhibited a total of 4 fibres (pink, blue, black) in the white filter, and 104 in the 
black carbon filter (pink, blue, black, yellow, and green). After extrapolating 
abundances to scale (43 x 7 cm), ~1,296 of microfibres were estimated to 
accumulate in the HEPA air purifier since installation (approx. 1 year), indicating 
that ~3.55 microfibres are being caught per day. Ensuring these filters are 
frequently replaced will result in optimal functionality and the reduction of 
atmospheric particles. However, between the two installed fibre-glass filters 
(C.ME.F and B.F) negligible counts were observed, with only 3 microfibres (2 
blue, 1 black). This could infer that the shedding of clothing and the transport of 
microfibres into a working environment is a significant contributor to secondary 
laboratory contamination, rather than the input of air-exhaust systems.  
The 30% reduction in microfibre contamination from C.NME and C.ME samples 
indicates that the microscope enclosure slightly decreased the amount of 
microfibre fallout and transport to the stereomicroscope. However, blank samples 
exhibited a 70% decline in microfibre contamination with the use of all clean-air 
devices (Fig. 2.2b). These results suggest that the actions taken to improve air 
quality have been positive, showing a decline in airborne microfibre counts with 




Fewer microfibre totals in lab D compared to C could be linked to lab D’s larger 
operating space and microscope location. Lab D is approximately 2x larger than 
lab C, and is frequented less by users, which can significantly decrease 
microfibre shedding. The location of the stereomicroscope, during the imaging 
methodological stage, could also contribute to a sample containing fewer or 
greater microfibre airborne contaminants. For instance, if a sample is being 
examined under a microscope (without a clean-air device) and is proximal to a 
window or door, or possibly an air-exhaust system, microfibres could be easily 
transported into the room and settle on adjacent surfaces. The size and layout of 
lab C makes it a suitable place for microfibres to persist. The microscope and 
enclosure are positioned in front of a large window (due to accessibility and lack 
of available space), and is approximately 1 m away from an air exhaust system, 
and roughly 2-3 m from the entrance. Lab D is a larger lab with the microscope 
(without an enclosure) located in the center of the room, away from all windows 
and doors, exhaust units, and is approximately 5-6 m away from the entrance. 
Despite precautions taken to avoid background contamination in lab B with the 
glass-fibre filter (B.F) and lab C with the microscope enclosure and filter 
(C.ME.F), results suggest that microfibres can unintentionally be transferred into 
the microscope enclosure during examination. This implies that these low-density 
microfibres can be easily transported by air in any working environment, even 
when wearing a cotton laboratory coat, wiping down surfaces and equipment, 
and covering glassware with aluminum foil. Moreover, if cotton laboratory coats 
are not washed, or if a lint remover is not applied to the garment regularly, 
airborne dust particles carrying microfibres could settle onto the coat and 
potentially shed into environmental samples.  
 
Anthropogenic microfibres could be carried through the glass-fibre air filters in 
laboratories B and C, as the filtration efficiency is only 80%-85%. The 
accessibility of our processing laboratory may also come into play when 
determining fibre source contamination. The entrance of lab B is from the inside 




times, this design could increase the chance of contamination if researchers are 
entering and leaving lab B frequently. For instance, when examining particulate 
matter (dust), researchers revealed that even light activity, like walking, can 
impact airborne particles greater than 5 mm, causing resuspension (Wesch et al. 
2017). Notably, Dris et al. (2016) determined that deposition rates between 1586 
and 11,130 microfibres/day/m2 occur in an indoor environment, implying that 
particles ranging from 190 to 670 microfibres/mg are accumulating in settled 
dust. If researchers were to prepare, process and visually examine 
environmental samples in one space, with prioritization given to clean-air 
devices, the risk of background contamination would decline, as the movement of 
microfibres in dust would be better controlled (Hermsen et al. 2018). 
 
Table 2 was created to better understand if researchers are taking the necessary 
actions to prevent background contamination within their laboratories and 
sediment samples. The comparison results can be used to identify trends and 
emphasize areas that need to be improved. For example, the year in which the 
study was published has an impact on the number of precautions taken to 
eliminate background contamination. Many MP researchers a decade ago were 
unaware that microfibre pollution would become a significant problem for 
environmental samples. As a result, QA/QC controls were often neglected. This 
is evident when comparing the 50 sediment studies from 2010 to 2021. Seven 
studies (0.14) from the years 2010 to 2014 did not receive a checkmark for any 
of the five criteria, implying their laboratories were at a higher risk of 
contamination. Since 2014, 72% of the publications examined have mentioned 
blank samples. In the past five years (2016 to 2021), 8 records demonstrate low 
risk (22%), 16 medium risk (44%), and 12 are of high contamination risk (33%). 
Therefore, despite knowledge of microfibre contamination growing in scientific 
popularity, sediment studies continue to lack necessary controls to minimize 





This study acknowledges that the described criteria are not an absolute 
judgement of the value of studies, as not all reports investigating MPs in 
sediment were evaluated. Nonetheless, improvements are required and 
recommended for all examined criteria. Results suggest that studies are at a 
higher risk of airborne contamination if they do not include precautionary 
measures when preparing, processing and microscopically examining samples, 
and that alternative devices should be prioritized when advancing indoor air 
quality. Therefore, standardized QA/QC approaches and protocols are 
recommended to mitigate laboratory background contamination, to evade 
research error, and to encourage reproducible and comparable results across 
studies.  
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Chapter 3  
3 First assessment of factors driving the spatial 
distribution and accumulation of microplastics in 
offshore benthic sediment of Lake Huron, North 
America.  
3.1 Abstract 
Benthic sediment in the Laurentian Great Lakes (GL) has been recognized as a 
long-term sink for microplastic (MP) pollution. A total of 76 benthic sediment 
samples from Lake Huron (LH), North America, were analyzed for MP debris. 
Normalized MP abundances ranged from 59-335,714 particles per kg of dry 
weight sediment (p kg-1 dw), with microfibers as the dominant particle type (50%). 
Of the four main basins of Lake Huron, the North Channel contained the greatest 
microplastic abundances, averaging 47,398 p kg-1 dw, followed by Georgian Bay 
(21,390 p kg-1 dw), the main basin (15,910 p kg-1 dw) and Saginaw Bay (1,592 p 
kg-1 dw). Results indicate depositional pathways can lead to higher microplastic 
accumulation in natural depositional sinks. Regression analysis reveals process 
driven hydrodynamic forces such as wind, wave and prevailing surface current 
patterns are driving MP distribution, deposition, and accrual in the offshore; 
opposed to source-driven factors impacting abundances closer to the shoreline. 
This baseline study represents the first comprehensive understanding of MP 
pollution in offshore bottom sediment of one of North America’s Great Lakes.  
3.2 Introduction 
The durability and low-cost nature of plastics, in combination with rising 
consumer demands and production, and poor waste recovery and management 
are causing its widespread accumulation in terrestrial and aquatic environments 
(Thompson et al. 2004). A global analysis of the production and use of virgin 
plastics estimated that roughly 275 million tonnes (Mt) were generated in 2010, 




(MPs), particles <5 mm in longest diameter (Masura et al. 2015), have been 
reported from shorelines, benthic sediment, surface waters and throughout the 
water column, and in atmospheric fallout (Barnes et al. 2009; Horton and Dixon 
2018). Benthic sediment in particular has been shown to represent a sink for MP 
debris in both marine (Kane and Clare 2019; Courtene-Jones et al. 2020) and 
freshwater (Corcoran 2015; Dris et al. 2015; Boucher 2019) settings globally. In 
addition, hydrodynamic forces, such as wind-driven surface currents, geostrophic 
circulation, and storm-induced turbulent flows can disperse and resuspend 
benthic anthropogenic particles (Law 2010). Recently, MPs, and specifically 
microfibers, have been identified in sediment samples globally, implying that low- 
and high-density particles are sinking (Dai et al. 2018). Reineccius et al. (2020) 
investigated microfibers in the North Atlantic Subtropical Gyre and calculated a 
total mass flux of 9800t descending through the water column per year. Lenaker 
et al. (2019) demonstrated polymer partitioning between surface and subsurface 
water and surficial sediment due to density, based on sampling along a 
freshwater continuum (Milwaukee River to Lake Michigan).  
 
The environmental health of the Laurentian Great Lakes is challenged by 
numerous stressors, including the threat of emerging MPs (Helm 2020). 
Zbyszewski and Corcoran (2011) were the first researchers to document MPs 
(specifically pellets) along Great Lakes shorelines. Eriksen et al. (2013) detected 
MPs in surface waters, and extrapolated abundances ranging from ~450 to 
450,000 particles/km2. Subsequent studies have attempted to understand the 
extent, fate and biological implications of MPs within the freshwater system 
(Cable et al. 2017). To date, MPs have been identified in all water-sediment 
interfaces including nearshore and offshore, tributaries and beaches. Roughly 
9887t of plastic debris have been estimated to enter the Great Lakes system per 
year (Hoffman and Hittinger 2017). Benthic sediment samples from the Canadian 
portions of Lakes Ontario and Erie have been investigated for MPs, and these 
studies show a positive correlation between MP abundances and: 1) high 




manufacturing facilities, and 3) increased proximity to tributaries and wastewater 
treatment plant (WWTP) effluents (Ballent et al. 2016; Dean et al. 2018). Both 
studies, however, focused on nearshore locations and lack samples from the US 
sides of the lakes, thereby limiting understanding of all potential sources and 
sinks. Notwithstanding, in Lake Ontario bottom sediment, MP abundances 
ranged from 20-27,830 particles per kg of dry weight sediment (kg-1 dw), with the 
greatest number of particles found in a creek sample (Ballent et al. 2016). 
Sediment samples collected from Lake Erie nearshore, shoreline and tributary 
sites contained 0–391 p kg−1 dw, 50–146 p kg−1 dw, and 10–462 p kg−1 dw, 
respectively, with the greatest abundances found in four tributary samples (Dean 
et al. 2018). Notably, microplastic were found in all 107 water samples collected 
from 29 Great Lakes tributaries, with a maximum abundance of 32 particles/m3. 
This study found higher concentrations of fragments, foams and films in samples 
collected from urban watersheds and during runoff events (Baldwin et al. 2016). 
After sampling surface and subsurface water and sediment from upstream and 
downstream locations from the Kinnickinnic, Menomonee, and Milwaukee Rivers, 
black sponge like foam particles were identified in 3 of the 4 rivers, later analysed 
and referenced as styrene-butadiene rubber (Lenaker et al. (2019). This report 
shows the transport and fate of microplastics vertically through the water column 
and along a freshwater continuum into Lake Michigan. Thus the results from 
water and sediment samples collected in tributaries from various locations 
surrounding the Great Lakes suggest rivers are acting as key transport pathways 
of MPs into the lakes. The subsequent distribution of MPs within a lake can vary 
with land and industrial usage, population density, dynamic lake processes (e.g., 
water depth, wind and surface water circulation), sediment type, and diverse 
sources (Driedger et al. 2015; Corcoran et al. 2020a).  
 
The aim of this study is to provide a comprehensive report of the abundance and 
spatial distribution of MPs in benthic sediment of the entirety of Lake Huron. 
Specific objectives are to: 1) quantify and characterize MPs in each sample by 




polymer compositions of randomly selected particles using Fourier Transform 
Infrared Spectroscopy (FTIR), 3) ascertain MP accumulation zones according to 
geomorphological features (main lake basin, Georgian Bay, North Channel and 
Saginaw Bay), and 4) determine factors and/or processes impacting microplastic 
accumulation, distribution and deposition in offshore benthic sediment of Lake 
Huron.  
3.3 Methodology 
3.3.1 Study Area: Lake Huron 
Lake Huron is the second largest of the five Laurentian Great Lakes, with an area 
of approximately 59,600 km2, and depths of >150 m in over 30% of its total area 
(Thomas et al. 1973; Beletsky et al. 1999). Lake Huron has the longest shoreline 
of all the Great Lakes, at 6,157 km, most of which is moderately undeveloped, 
with exceptions along the southern shoreline (Beeton and Saylor 1995). Lake 
Superior drains into the North Channel of Lake Huron through the St. Mary’s 
River. Lake Michigan and Lake Huron are hydrologically joined by the Straits of 
Mackinac. Water retention time in Lake Huron is 22 years (EPA 2019). Lake 
water flows from Lake Huron to Lake Erie through the St. Clair River, Lake St. 
Clair and Detroit River. Water circulation in Lake Huron is more varied than in 
Lakes Michigan and Superior due to the presence of several bays and islands, 
and complex topography (Kenigson and Han 2014). Lake Huron’s watershed 
straddles both the United States and Canada, where a total of 3 million people 
reside; approximately 1.4 million in Ontario, and 1.6 million in Michigan (Lake 
Huron Centre for Coastal Conservation 2019). Lake Huron’s four main water 
bodies are the main lake basin, Georgian Bay, the North Channel, and Saginaw 
Bay, along with numerous subbasins located in offshore depositional areas. 
3.3.2 Sample Processing and Analysis 
In September 2017, Environment and Climate Change Canada (ECCC) collected 




Georgian Bay, respectively, using a box corer. In addition, the Ontario Ministry of 
Environment, Conservation and Parks (MECP) provided 7 sediment grab 
samples from 2015, which were collected by a Shipek grab sampler, and thus, a 
total of 76 benthic sediment (3-5 cm depth) samples were collected (Fig. 3.1). All 
samples were split, and half of the material was sent to the University of Western 





Figure 3.1: Various sediment sampling locations in Lake Huron plotted with 






The laboratory methods used for this study were adapted from a standard 
experimental design used for Lakes Ontario, Erie, and St. Clair, and the Thames 
River, London, Ontario (Corcoran et al. 2015; Ballent et al. 2016; Dean et al. 
2018; Corcoran et al. 2020b). Samples were wet sieved with reverse osmosis 
water to remove clay, and fine and medium silt fractions through a 45 µm metal 
sieve. The remaining sediment, including medium (0.5 mm-0.25 mm), fine (0.25 
mm- 0.125 mm) and very fine sand (0.125 mm- 0.0625 mm), and coarse silt 
(0.0625 mm – 0.031 mm), was transferred to aluminum pie trays, covered with 
foil, and dried in an oven at 70°C. It is possible that removing the fine particle 
fractions could result in underestimation of MPs in the samples, as fine-grained 
sediment has been found to contain high MP quantities (Browne et al. 2010; 
Bergmann et al. 2017). Nonetheless, the clay, and fine and medium silt fractions 
were removed to avoid flocculation during oven drying, which then enabled the 
sample to undergo subsequent density separation. 
 
Each sample was weighed and normalized to number of particles per kg of dry 
weight sediment (p kg-1 dw). The dry samples were transferred to a glass beaker 
containing 250 mL of 1.5 g cm-3 sodium polytungstate (SPT) solution. The 
sediment was thoroughly mixed for 2 minutes using a magnetic stirrer, and the 
supernatant was decanted into a glass separation funnel. Once the sediment 
settled (15-30 minutes), non-buoyant material was filtered out. The remaining 
buoyant material, consisting of MPs and organic matter, was filtered through 25 
µm quantitative fast flow filter paper, drained through a 53 µm sieve and rinsed 
thoroughly to dispose of remaining SPT solution. The plastic particles and 
organics were transferred to a glass petri dish (10 cm diameter x 1 cm high) and 
placed back into the oven to dry at 70°C.  
 
Visual identification and characterization of MPs were conducted using a Nikon 
SMZ1500 stereomicroscope at magnifications of 15x to 225x. Anthropogenic 
particles (fibers, fragments, films, and beads) were systematically counted and 




were placed on two-sided adhesive tape on a microscope slide to undergo 
analysis by FTIR at Surface Science Western, London, Canada. Particles were 
transferred to a diamond compression cell, condensed, and analysed using the 
Bruker Tensor II spectrometer in transmission mode, using the Hyperion 2000 
microscope. Some particles (29) were analysed using the micro-attenuated total 
reflectance (mATR) attachment equipped with a germanium crystal. Spectra 
were collected from 4000-600 cm-1 with a resolution of 4 cm-1. Spectra were 
corrected for the contribution of water vapour, carbon dioxide, and the adhesive 
tape, and were baseline corrected and subtracted out.  
3.3.3 Quality Assurance and Controls (QA/QC) 
Various quality assurance and controls were applied in every laboratory space, 
and during all experimental phases to minimize airborne MP contamination. 
Clean-air conditions included a metal microscope enclosure, glass-fiber air filters, 
and HEPA air purifiers. Other precautionary measures included pre-filtering work 
solutions prior to sample processing and wearing cotton lab coats, which were 
washed regularly. Laboratory surfaces and equipment were wiped down and 
rinsed thoroughly before and after use, and aluminum foil was used to cover all 
samples. Negative controls in the form of procedural blanks (14 in total) were 
included in all laboratory spaces. Counts from each sampling location were 
corrected to reflect the detection of blue, black and pink microfibers.  
3.3.4 Statistical Analysis and Data Visualization 
Data were assessed for normality by quantile-quantile probability plots, exhibiting 
a skewed distribution. The MP abundance data were transformed using a natural 
logarithm to exemplify a natural distribution of data and satisfy ANOVA and t-test 
assumptions. Moran’s I statistical analysis was conducted using R package ape 
(Getis et al. 1992) to test the hypothesis of no spatial autocorrelation within the 
data, or the null hypothesis of random dispersion (Paradis and Schliep 2019). 
This was completed by creating a weight matrix consisting of the Euclidean 




were performed using RStudio (RStudio Team 2020), and figures were produced 
using R package ggplot2 and Excel (Wickham 2016). Cartographic maps and 
spatial analysis were generated by ArcMap 10.5. The spatial analysis used to 
determine the total population density by watershed was modified and projected 
analogously with an investigation of the Great Lakes completed by Corcoran et al 
(2020a).  
3.4 Results 
3.4.1 Microplastic Abundance and Morphology 
Microplastic abundances ranged from 59 to 335,714 p kg-1 dw, with a total (N) of 
1,532 particles visually identified (Fig. 3.2). Microfibers were the dominant 
particle morphology, attributing to 50% of the total (following anthropogenic fiber 
adjustments), with an average particle length of 1.2 mm. The most common 
colours were blue (37%), black (32%), and pink (19%), with minor contributions 
from red (2%), green (2%), yellow/orange (2%), brown (1%) and grey (5%) fibers. 
Fragments accounted for 30% of the total, with average dimensions between 500 
and 53 microns, accounting for 86% of the majority. Fragments were orange 
(33%), pink (29%), blue (13%), white (8%), red (6%), green (4%), black (4%), 
and brown/beige (3%). Beads and films made up the remaining 13% and 7%, 
respectively.  Only three sampling sites contained microbeads (LH8, LH67, 
GL15-1347), with black (n=2), amber (n=3) and transparent (n=4) colours 
dominating, similar to beads identified in beach and tributary samples from Dean 
et al (2018) and Corcoran et al. (2020b). Figure 3.3 shows the relative 
percentages of each type of MP in sediment samples from the 76 locations. 
With respect to the four main water bodies of Lake Huron, the North Channel 
contained the greatest MP abundances with an average of 47,398 kg-1 dw 
(1,343-335,714 p kg-1 dw) (Fig. 3.2). Saginaw Bay contained the fewest MPs with 
an average of 1,592 p kg-1 dw (73-7466 p kg-1 dw). The sample location 
containing the greatest MP abundances in the Saginaw basin was the site 




sample locations in Lake Huron, including the North Channel and Saginaw Bay, 
to the Georgian Bay sites, there was no difference in statistical means, with 
comparable averages of 21,711 p kg-1 dw (59-335,714 p kg-1 dw) and 21,390 p 
kg-1 dw (123-221,163 p kg-1 dw), respectively.  
 
Figure 3.2: Depiction of microplastic abundances (p kg-1 dw) per sampling 





Figure 3.3: Relative proportions of microplastic morphologies.  
3.4.2 Polymer Composition 
A total of 352 particles (~10%) were analysed for chemical composition using 
ATR-FTIR. Most of the particles examined were microfibers (n=257), followed by 
fragments (n=88) and beads (n=7). Cotton and natural material-based fibers that 
may have been modified by treatments were classified as anthropogenic, 
whereas wool, animal fur, and human hair were classified as proteinaceous. 
Synthetic particles were recorded as polyethylene terephthalate (PET), 
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acrylonitrile, polypropylene (PP), and nylon. The results indicate that 23% of 
microfibers were synthetic in origin, whereas 73% were anthropogenic 
microfibers (Fig 3.4a). Values in Figures 4a, b are representative of FTIR results 
before adjustments were made. This is consistent with a recent study examining 
~2000 marine microfibers, which revealed that only 8.2% were of synthetic origin 
(Suaria et al. 2020). The division of anthropogenic and synthetic fiber pigments 
stand as: black (68% anthropogenic, 32% synthetic), blue (74% anthropogenic, 
26% synthetic), grey (58% anthropogenic, 42% synthetic), yellow/orange (83% 
anthropogenic, 17% synthetic), green (83% anthropogenic, 17% synthetic), red 
(83% anthropogenic, 17% synthetic), and pink (47% anthropogenic, 53% 
synthetic). As such, anthropogenic fiber counts were corrected by colour to 
account for the high number of anthropogenic fibers, similar to the study of 
Corcoran et al. (2020b).  
 
Of the 88 fragments analyzed by FTIR, 71 were synthetic (72%), and 28 were of 
natural origin (28%) (Fig. 3.4b). Polymer compositions were subdivided into 
“Common Commercial Plastics” (27%), “Paint Related” (30%), ‘Unknown (24%), 
and ‘Natural’ (19%). Polyethylene (PE) was the most abundant ‘Common 
Commercial Plastic’ accounting for 63% of the category, followed by PP (17%), 
polystyrene (PS; 13%), polyurethane (PUR; 4%) and PET (4%). The ‘Paint 
Related’ coatings included industrial coatings/alkyds and epoxies. Particles that 
were not easily distinguished in the FTIR library were classified as ‘Unknown’. 
Fragments producing spectra consistent with cellulosic (24%) and glass (76%) 
compositions were reported as ‘Natural’. This could be due to misidentification or 
microbial-MP interactions, as MPs can act as a substrate for microorganisms 
(Harrison et al. 2018; Nguyen et al. 2020). Microorganisms can often produce a 
proteinaceous signal, and secrete polysaccharides and oligosaccharides 
exemplifying cellulosic characteristics. Therefore, if a proteinaceous material is 
detected with a cellulosic signal, the presence of a biofilm is suspected (Tu et al. 
2020). Total fragment counts were not adjusted to reflect the natural fragment 




5 were composed of glass, 1 was unknown, and another had spectra consistent 
with hydrocarbon resin, mainly aromatic. 
 
 





3.5.1 Water Depth and Direct Inflow 
Thomas et al. (1973) determined that sediment grain size is correlated with water 
depth in Lake Huron. Deep waters are sites of reduced energy regimes, and 
therefore contain mainly clay and silt grains deposited from suspension, as well 
as MP particles. Buoyant plastic particles can wash up on beaches from wind 
and wave action, many of which become trapped in sediment and organic debris, 
while others are carried into the nearshore. If particles do not settle within the 
littoral zone by density, they are transported by surface water currents into the 
offshore and become deposited in low-energy environments. Some portions can 
also be released back into the environment, or be transported through the Great 
Lakes continuum. For example, high litter abundances (1.55 ± 0.57 kg ha-1) have 
been detected in deep European water basins (Pham et al. 2014).  
 
A bathymetry map illustrated in Figure 3.5, shows two of the main MP sinks in 
Lake Huron, one within a Georgian Bay subbasin, and another within an 
underwater channel between the Tobermory Knolls. This underwater channel is 
the deepest sampling site at 170 m. Water depth was compared to Ln MP 
abundance and a positive correlation was identified between number of MP 
particles and increasing water depth (Fig. 3.6, p= 0.004). The coefficient on water 
depth (m) is 0.021, demonstrating that for every metre increase in water depth, 
the expected value of the natural log abundance will increase by 0.021. Ln 
abundance was compared to substrate classes, as defined by the United States 
Geological Survey as Mud (<0.0625 mm), Clay (<0.004 mm), Sand (0.0625 to <2 
mm) and Hard (> 2 mm, till or bedrock) (Esselman 2018). There was some 
evidence of a difference in means when conducting an ANOVA test (p=0.049), 
with the finest grain sizes containing a greater number of particles.  
 
To test for spatial autocorrelation in my statistical model, a Moran’s I test was run 




a function of both depth and substrate. There was significant spatial 
autocorrelation between sampling points (p = 0.034) and therefore, a spatial 
mixed model was completed to account for the spatial autocorrelation using a 
Matern function to specify the relationship between points (R2= 0.384). Akaike 
Information Criterion (AIC) values indicated that the best fitting model included 
water depth, sampling location and substrate as independent variables (Δ 1.91). 
All variables in the model were significant including water depth (x2= 8.2, df= 3, 
p= 0.004), substrate (x2= 7.9, df= 3, p= 0.048), and location (x2= 15.6, df= 3, p= 
0.001). Results indicate that greater depths of the lake, associated with finer 
grained sediment, represent significant zones of accumulation in Lake Huron. 
Interestingly, these results are consistent with findings of persistent organic 
pollutants in sediment of Lake Huron, detecting greater accumulation levels in 
depositional basins composed of finer grained sediments, attributed to 





Figure 3.5: Discerning the difference between bathymetric features of Lake 
Huron (Main basin, Georgian Bay, North Channel, Saginaw Bay) and 






Figure 3.6: Linear regression of ln-transformed microplastic abundance 
and water depth (m).  
 
Higher MP abundances in Lake Huron compared with results from Lakes Erie 
and Ontario could be attributed to the Lake Huron retention time of 22 years, in 
comparison to Lakes Ontario (6 years) and Erie (3 years) (Quinn 1992). This 
suggests that MPs could remain in the surface water and water column for more 
than two decades before moving through connecting channels. This extra 
retention time allows for increasing particle density and sinking through clay 
adsorption and biofouling (Kooi et al. 2018). Positively and neutrally buoyant MPs 
from past inputs into Lake Michigan could be making their way into Lake Huron 
by direct drainage through the Straits of Mackinac. Various studies have 
quantified microplastics in waters flowing into Lake Huron, particularly the Straits 




(excluding fibers), and Mason et al. (2016) reported a range in abundances from 
13,400-38,700. When examining MP abundances in sediment samples east of 
the Straits of Mackinac, the closest site, LH65, contained 1,718 p kg-1 dw 
sediment, followed by LH63 with 1,539 p kg-1 dw, a site that mimics the southern 
directional water flow along the shoreline of Lake Huron.  
3.5.2 Deposition and Distribution  
Open water hydrodynamic modelling results for Lake Huron estimate higher 
abundances in the southern shoreline of Saginaw Bay in association with 
population near the shore (Hoffman and Hittinger 2017). Eight sediment samples 
from within the basin did not contain significant MP counts, with ranges from 73 
to 7,466 p kg-1 dw. However, predictions from Hoffman and Hittinger (2017) only 
consider buoyant particle distribution from surface water sampling and quantities 
washed up on shorelines, and do not account for vertical mixing within the water 
column, and particle settlement and deposition to the lake bottom. Lower particle 
abundances in Saginaw Bay could be due to a sandier substrate (in comparison 
to the main basin), shallower-water depths and sediment re-suspension within 
the inner and outer bay, caused by surface wave action in the fall season (Danek 
and Saylor, 1977; Hawley et al. 2014). Furthermore, Vonk (2014) indicates a 
residence time of 23.0 days in the inner bay and 9.9 days throughout the entire 
bay, over 3 summer months. Thus, the retention time and the presence of a 
smaller anticyclonic gyre at the mouth of the outer bay, have the potential to 
redistribute MPs from the bay to larger lake-wide circulation.  
 
Sampling location LH67, characterized as a waterway connecting the Lake 
Huron main basin to the North Channel, contained 985 p kg-1 dw sediment. It 
was also one of three areas in Lake Huron where microbeads were identified, 
with compositions identified as glass. This is not the first time that microbeads 
have been shown to be non-polymers. After analysing 29 microbeads from 
sediment samples of a major tributary, Corcoran et al. (2020b) discovered that 




Many of the microbeads contained high silicate content, suggesting a glass 
composition.  
 
Georgian Bay sediment contained the highest total number of MPs, after 
adjusting for natural fibers, with a sum of 713, compared with the main basin 
(n=483), the North Channel (n=195), and Saginaw Bay (n=140). This may be a 
function of the near- and sub-surface currents flowing from both the North 
Channel and the main basin into Georgian Bay. However, water exiting the bay 
into the main basin is negligible, meaning that buoyant plastic particles from both 
water bodies could be transported and persist in Georgian Bay, circulating 
according to seasonally induced gyres (Sheng and Rao 2006). In August, 
circulation follows the outer limits of the basin in a continuous gyre, moving south 
to the Thornbury basin in the southern part of Georgian Bay, and then in a 
counter-clockwise direction northward (Fig. 3.5). In November, currents can vary 
as a result of lake mixing and cold temperatures, causing a smaller, less distinct, 
cyclonic gyre around the Bruce basin (Vonk 2014). These circulation patterns are 
consistent with higher MP abundances in the Thornbury and Bruce basins, two 
depositional areas located within Georgian Bay that are subject to greater 
seasonal near-surface water currents in the spring and summer. Two sampling 
sites were in each of the Bruce basin, ~88m deep (GB21 and GB31) with an 
average abundance of 72,155 p kg-1 dw sediment, and in the Thornbury basin 
~85m deep (GB5 and GB6), with an average of 117,163 p kg-1 dw. In comparison 
to other basin sampling locations in Lake Huron, including Sarnia, Goderich, 
Southhampton, Manitoulin, Cockburn, Bay City, Drummond, and Barrie, the two 
basins in Georgian Bay, and the Parry Sound basin with 1,780 p kg-1 dw (1%), 
make up 66% of the MP abundances, with 41% in Thornbury, and 25% in the 
Bruce basins. Factors influencing MP abundances in the Thornbury basin could 
be associated with anthropogenic influences proximal to the shoreline including 
Wasaga Beach, a tourism hotspot during the summer months, and Blue 




Moran’s I statistical analysis was conducted to test the spatial dispersion of the 
76 sampling locations and associated abundances. Results exhibit a clustering of 
similar values indicating a positive spatial correlation (reject the null hypothesis of 
randomly dispersed data) within the entirety of the lake (p= 0.068), as well as 
within the main Lake Huron basin (p= 0.00014). However, no spatial correlation 
was determined in the Georgian Bay basin (p=0.70), which could indicate 
microplastic distribution and accumulation in Georgian Bay are process driven 
rather than source driven. As such, additional spatial and temporal investigations 
should be completed in Georgian Bay surface waters and sediment to better 
understand the variability of MP concentrations.  
The results of an ANOVA test conducted on the log MP abundance and sampling 
sites located within Lake Huron show an increase in MP abundance in the North 
Channel compared to the other water bodies, with a significant p-value of 0.023 
(Fig. 3.7). This implies that the North Channel is an area that should be 
investigated in more detail. For example, one of the localities with the greatest 
MP abundance is west of the North Channel, closest to the St. Mary’s River. The 
river flows past the municipalities of Sault Ste. Marie, Canada and Sault Ste. 
Marie, USA and thus are subject to stormwater runoff and WWTP discharge 
inputs from those upstream areas. Significant MP abundances were determined 
at two of the closest sampling sites, LH71 and LH69, which contained 335,717 p 
kg-1 dw and 73,193 p kg-1 dw, respectively. Additionally, a pulp-and-paper mill is 
operated in Espanola, Ontario. Subsequently, pulp effluent could inadvertently be 
contributing to higher anthropogenic microfiber loadings in the North Channel, 





Figure 3.7: Difference in means between the ln-transformed microplastic 
abundances and three waterbodies; Georgian Bay, North Channel and Lake 
Huron (Main basin and Saginaw Bay). 
3.5.3 Non-Point Source Pollution 
Identifying MP sources can be difficult, as particles rarely originate from a single 
place. They can be released from multiple non-point sources, including the 
application of agricultural sludge, wastewater discharge, surface and stormwater 
runoff, anthropogenic littering, and atmospheric fallout (Brown et al. 2011; 
Anderson et al. 2016).  
 
High MP abundances could be the result of agricultural runoff, caused by the 
application of organic fertilizer and sludge onto crops, as Southern Ontario and 
Michigan watersheds are predominantly cultivated (Piehl et al. 2018). Corradini 




ranging from 18 to 41 particles g-1, 90% of which were microfibers. Results 
indicate that MPs are increasing where successive sludge applications take 
place. Synthetic microfibers have also been detected in sludge products and 
soils up to 15 years following application (Zubris and Richards 2005). This 
suggests some retention of MPs in agricultural soils, as well as bioturbation 
processes acting to move MP particles away from the surface (Nizzetto et al. 
2016).  
 
Sediment loading from agricultural croplands in the Great Lakes was estimated 
to be 15.6 million tons per year under conventional tillage, and 2.6 million tons 
per year under no tillage (Ouyang et al. 2005). According to Ouyang et al. (2005), 
the watershed surrounding Saginaw Bay is an area of potential risk, contributing 
to higher soil erosion and sediment loads ranging between 200,000- 560,000 
tons. The Saginaw River, one of the major tributaries entering the bay, has been 
subject to sediment dredging, contributing to approximately 430,000 tons/year 
from 1990 to 2003. A study investigating MP pollution in Lake Ontario determined 
source waters are contributing to greater abundances into the lake. For example 
agricultural runoff contained an average abundance of 0.9 ± 1.3 particles L-1, 
while urban related sources, such as stormwater runoff and wastewater effluents 
contained 15.4 ± 7.9 particles L-1 and 13.3 ± 15.5 particles L-1, respectively (Grbić 
et al. 2020). However, more detailed sampling is needed to better understand 
and confirm MP contributions from agricultural runoff into Lake Huron. 
 
Microfibers have been traced back to laundering sources, acting as secondary 
MPs into aquatic environments (Napper and Thompson 2016; Sillanpää and 
Sainio 2017). A single garment from a domestic washing machine was estimated 
to release >1,900 microfibers per wash into wastewater sewage (Brown et al. 
2011). Napper and Thompson (2016) projected over 700,000 acrylic fibers 
released from an average 6 kg washing load. Consequently, washing machine 
effluents could be releasing anthropogenic microfibers into Lake Huron, as 




sediment samples from Lakes Huron and Ontario (780 ± 440 microfibers kg−1 
dw), making up 90% of the total fiber count (Athey et al. 2020). 
 
In addition to surface runoff, contributions from bypass events could be releasing 
microplastic particles into Lake Huron waterways. According to Pollution Probe 
(2013), billions of litres of partially treated or untreated sewage can end up in the 
Great Lakes, annually. Events such as this can occur when sewer systems 
exceed capacity during periods of heavy rainfall or snowmelt. Briaian et al. 
(2020) associated higher loadings of sewage-derived debris in intertidal sediment 
to combined sewer overflows (CSOs) proximal to a WWTP, suggesting sanitary 
towels and wipes are a source of white microfiber pollution (PET and PP). Dris et 
al. (2018) examined microplastics in water samples collected at a CSO outlet 
ascertaining up to 190,898 microfibers L-1 and 3,100 fragments L-1, quantities 
were accredited to be from a combination of wastewater and runoff. The 
Georgian Bay Preservation Alliance reported that in 2016, municipalities were 
releasing approximately 942 million liters of sewage, due to bypass events, into 
cottage-area waterways, the majority of which surround the Georgian Bay basin 
(Georgian Bay Preservation Alliance 2018a). Additionally, the town of Midland, 
Ontario, discharged roughly 9.7 million liters of sewage into Georgian Bay in 
2016 (Georgian Bay Preservation Alliance 2018b). Consequently, during high 
storm events, municipalities adjacent to Lake Huron could be discharging 
wastewater containing MP pollution into receiving tributaries and waterways.  
3.5.4 Tributary Input 
Various studies have recognized tributaries as major conduits of MP pollution 
(Moore et al. 2011; Lebreton et al. 2017). Most studied rivers flow through urban 
sources, many of which have been proven to contribute to higher MP 
concentrations. Wastewater treatment plants have also been identified as 
sources of MP pollutants into river systems (Blair et al. 2017; Kay et al 2018). 
Vermaire et al. (2017) reported that MP concentrations downstream of a WWTP 




transported into the Ottawa River by the wastewater effluent plume. Moreover, 
transport models have predicted that tributaries flowing through/by densely 
populated areas and mismanaged waste production sites can deliver MPs into 
open water bodies (Lebreton et al. 2017). 
 
River currents flowing into ambient water deliver sediment as suspended load 
(silt and clay) and bedload (sand and gravel), by a density driven inflow known as 
a turbidity current. Density/turbidity currents in bedload dominated rivers play an 
important role in sediment, organic matter, and nutrient dispersal within a lake 
(Marti et al. 2011). Density flows in stratified freshwater lakes can travel at <50 
cm/s and flows greater than 20 cm/s can transport fine-grained sand, potentially 
entraining positively and neutrally buoyant MP particles (Talling et al. 2013). High 
energy flows caused by heavy storm events are capable of resuspending and 
transporting MPs in river water and sediment, acting as a transport pathway into 
an aquatic system (Horton and Dixon 2018; Hitchcock 2020). Corcoran et al. 
(2020b) examined MPs in bottom sediment of the Thames River, London, 
Ontario, which is an approximately 270 km long tributary flowing through both 
urban and rural areas, and into Lake St. Clair. The latter drains into the Detroit 
River to Lake Erie. Anthropogenic particles ranged from 6 to 2444 p kg-1 dw, 
implying that low-density MPs are being transported through turbulent waters, 
are adhering to organic debris, and are eventually settling to the river bottom. 
This river system could be acting as a pathway for MPs into Lake St. Clair, as 
<1000 p kg-1 dw were identified in sample site 422, ~11.26 km from the Thames 
River and Lake St. Clair interface. 
 
Correlation analysis between ln-transformed microplastic abundance and 
distance to nearest tributary was conducted using simple linear regression on 
sediment sampling locations and nearby tributary inputs for the present study of 
Lake Huron. A total of 63 tributaries flowing into Lake Huron were selected for 
analysis. The first test found no correlation between abundance and distance to 




However, a t-test of the difference in means for sites within 20 km of a tributary 
(versus those not within 20 km) was then completed, resulting in a significant p-
value of 0.0028 (R2= 0.23; Fig. 3.8b). The regression coefficient is 0.018, 
indicating the expected value of ln MP abundance (p kg-1 dw) will increase by 
0.018 for every meter increase in distance to nearest tributary. Regression 
analysis reveals that sampling locations proximal to nearby tributaries contain 
fewer microplastics, showing an increase further away from tributary inputs into 
the offshore depositional environment.  
 
These findings are unexpected and do not align with previous investigations of 
tributary surface and subsurface water and surface sediment, all of which 
distinguish rivers within the Great Lakes watershed as significant pathways and 
sources of microplastic pollution (Baldwin et al. 2016; Ballent et al. 2016; 
McCormick et al. 2016; Dean et al. 2018; Corcoran et al. 2020; Lenaker et al. 
2019). The results suggest that surface current patterns are the prevailing factor 
controlling the distribution and deposition of microplastics in Lake Huron offshore 
sediment. This implies positively and neutrally buoyant particles, many of which 
are detected in sediment samples (PE, PP), are being transported at greater 
distances within the lake before settling to the lake bottom. Depending on 
advection, substrate, water depth and vertical mixing, particles can also be 
reworked and redistributed back into the water column, as predicted in Saginaw 
Bay sediment, being reworked and redistributed into lake-wide circulation 





Figure 3.8: Spatial analysis of the natural log microplastic abundance and 
nearby tributary inputs around the Lake Huron basin. A) All sampling 
locations proximal to a tributary input B) Analysis of sampling sites within 




3.5.5 Proximity to WWTPs 
Notably, MP abundances in tributaries of the Great Lakes have been positively 
correlated to urban-related watershed attributes (Baldwin et al. 2016). Roughly 4 
billion synthetic microfibers were reported to move through a Lake Michigan 
tributary that was located above and below wastewater treatment plant (WWTP) 
discharge sites, daily (Peller et al. 2019). As such, several publications have 
documented WWTPs as sources, sinks and pathways for MP pollution 
(Ziajahromi et al. 2017; Conley et al. 2019). Similar to the nearby tributary 
locations, correlation analysis using simple linear regression was conducted 
using 38 WWTP sites proximal to the LH shoreline and sediment sampling 
locations. The regression coefficient observed for distance to WWTP was 
significant for sites within 20 km (p= 0.040) of a nearby WWTP site (Fig. 3.9a). 
The analysis of all sampling locations exhibited no significant trend (Fig. 3.9b, 
p=0.66). This suggests that WWTPs could be a factor influencing abundances 
within 20 km of a shoreline, however, physical lake processes are the prevailing 
force driving microplastic dispersion and deposition in the offshore, opposed to 
source-based drivers closer to the shoreline and nearshore. As previous studies 
have reported urban sources to have greater influence on MP concentrations in 
aquatic environments (Gasperi et al. 2009; Dris et al. 2018). Grbić et al. (2020) 
positively correlated MP concentrations to urban area proximity and revealed 
WWTP effluents are releasing anthropogenic particles into Lake Ontario (90% of 
which are microfibers). Nonetheless, the atmospheric deposition of microplastics 
in offshore surface waters of Lake Huron should not be ruled out as recent 
publications have documented the resuspension and atmospheric transport of 
particles via wind entrainment (Brahney et al. 2020; 2021).  
 
When comparing ln-transformed MP abundances within the offshore to 
continuous distribution factors, like population density per watershed (p= 0.44), 
and distance to nearest shoreline (m) (p= 0.16) in Lake Huron, no relationships 




currents are contributing to the widespread dispersal of microplastics in offshore 




Figure 3.9: Spatial analysis of the natural log microplastic abundance and 
nearby waste water treatment plants around the Lake Huron shoreline. A) 
Sampling locations within 20 km of a WWTP B) All sampling sites proximal 





This investigation has provided an important understanding of the degree to 
which emerging MP contaminants are transported, redistributed, and deposited 
in benthic surficial sediment of Lake Huron. This study is the first to record the 
prevalence of microplastics in the offshore depositional environment of Lake 
Huron, one of the least reported Great Lakes to-date. Anthropogenic particles 
were identified in all benthic samples, including the main basin, Georgian Bay, 
Saginaw Bay and the North Channel, implying lake-wide dispersion and 
deposition is substantial. As microplastics are collecting in various bathymetric 
features within the offshore depositional environment of the lake, including 
subbasins, underwater channels, and ridges. This suggests that depositional 
pathways can lead to greater microplastic accruals, thereby functioning as a 
significant natural depositional sink. Spatial relationships examined from both 
WWTP and tributaries indicate that hydrodynamic processes such as surface 
water currents are driving microplastic distribution and deposition in offshore 
sediment of Lake Huron. Therefore, microplastic distribution and accumulation is 
primarily process-driven as opposed to source-driven, which is often the case for 
sediment samples collected from tributary and nearshore environments. This 
study is the first of its kind to quantify microplastics in offshore benthic sediment 
of Lake Huron. Findings will provide a benchmark for assessing the status, 
trends, and priorities of sediment and water quality in Lake Huron. The results 
from this analysis could be used to support and inform future monitoring projects 
and policy initiatives, foster basin-wide comparisons, and assess the potential for 
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Chapter 4  
4 Vertical distribution of microplastics in sediment cores 
from Lake Huron and Lake Ontario, Canada.  
4.1 Abstract  
The prevalence of microplastic pollution throughout the Laurentian Great Lakes 
system has prompted numerous studies investigating microplastics in benthic 
sediment. However, only one preliminary study has documented historic 
microplastic accumulation rates for Lake Ontario sediments. In the present study, 
three sediment cores from Lake Huron (LH43) and Lake Ontario (403A, 209C) 
were examined to understand temporal trends and changes in microplastic 
pollution. Mean abundances varied amongst sediment cores and depths (0-15 
cm); averaging 109,238 particles per kg of dry weight sediment (p kg-1 dw) in 
Lake Huron (LH43), and 118,760 p kg-1 dw and 15,282 p kg-1 dw in Lake Ontario 
cores 403A and 209C, respectively. Two profiles (LH43 and 403A) display a 
general decline in abundance with depth, with the majority of particles ranging 
from 200-53 µm in all three cores. Microplastics were observed to a sediment 
depth of 15 cm (with the exception of 209C at 12 cm) in offshore depositional 
areas of Lake Huron and Lake Ontario. This suggests that microplastics have 
been accumulating in Lake Huron for ~75 years, and Lake Ontario for ~80 years, 
but this may be affected by vertical sediment disturbances, such as bioturbation. 
Core 209C displays abundance fluctuations, which may reflect the dynamic 
nearshore environment subject to direct inputs from the Niagara River over a 
shorter period of time (~15 years). This is the first study to quantify historical 
microplastic accumulation rates using a 210Pb dated sediment core from Lake 
Huron, as well as being the first investigation assessing the depositional trends of 
microplastics in sediment cores from two Great Lakes. Microplastic 
concentrations at depth reflect regional and temporal trends consistent with 





Microplastics (<5 mm in longest dimension) are ubiquitous in nearly all 
environments, having been recorded in terrestrial (Horton et al. 2017; Mai et al. 
2018; He et al. 2020), marine (Andrady 2011; Lusher 2015; Lebreton et al. 2018), 
and freshwater settings (Wagner et al. 2014; Eerkes-Medrano et al. 2015; Sarijan 
et al. 2021), as well as in the atmosphere (Créteil et al. 2016; Prata 2018; Allen 
et al. 2020; Amato-Lourenço et al. 2020). This is a result of rising mass 
production, and extensive use and application of plastics today. The waste 
generated by plastics from 1950 to 2015 accounted for 6300 Mt (million tonnes), 
of which only 9% had been recycled (Geyer et al. 2017). This suggests that the 
majority of plastics are ending up in landfills or in the natural environment. The 
effects of microplastic pollution on aquatic ecosystems and the implications to 
human health are a growing concern (Wright et al. 2013; Rochman et al. 2014; 
Smith et al. 2018) because 4 to 12 Mt of plastics are estimated to be released 
into the environment annually (Jambeck et al. 2015). An oceanographic model 
from 2007-2013 estimated that 5.25 trillion particles were floating in the world’s 
oceans (Eriksen et al. 2014).  
 
In Canada, ~4,667 kilotonnes (kt) of plastics are introduced into the market 
annually, 3,268 kt of which were discarded as waste in 2016 (ECCC 2019). 
Plastic packaging, construction and automotive applications account for 69% of 
plastic-end use. In 2016 alone, 9% of plastics were estimated to be recycled, 4% 
incinerated, 86% landfilled, and 1% leaked into the environment. As a result, 
these plastics are involuntarily being released into the Laurentian Great Lakes as 
primary and secondary plastics (Driedger et al. 2015; Mason et al., 2016; 
Hendrickson et al. 2018). The Great Lakes are a valuable freshwater resource for 
both Canada and the United States, spanning an area of ~200,000 km2 (EPA 
2019). Benthic sediment of the Great Lakes has been documented as a 
significant natural sink for microplastic accumulation (Ballent et al. 2016; Dean et 
al. 2018;  Lenaker et al. 2020). Microplastic concentrations in sediment have 




properties (Zbyszewski and Corcoran 2011), proximity to shoreline, urban land 
use, and plastic manufacturing operations (Ballent et al. 2016; Grbić et al. 2020; 
Golwala et al. 2021), percent of organic carbon and clay (Cunningham et al. 
2020), nitrogen cycling (Seeley et al. 2020), and sediment compositional 
variables (Crew et al. 2020). The transport and settling velocity of a particle can 
also depend on hydrodynamic regimes, waves, currents, sediment grain size and 
biofouling (McCormick et al. 2014; Cable et al. 2017; Hoffman and Hittinger 
2017). External physiochemical factors contributing to the degradation of 
microplastics are less substantial in benthic offshore environments due to low 
temperatures and lack of impenetrable light. In addition, higher residence times, 
low energy dynamics, and the colonization of microorganisms can cause buoyant 
anthropogenic particles to settle to the lake bottom and eventually become buried 
and preserved in the sedimentary strata (Corcoran 2015; Zalasiewicz et al. 
2016).  
 
It has been estimated that roughly 70% of microplastics have accumulated in 
sediment profiles (Hammer et al. 2012). The vertical distribution of microplastics 
throughout the sediment column could be via pore water transport (Courtene-
Jones et al. 2020; Waldschläger and Schüttrumpf 2020), and/or bioturbation 
processes moving both natural and synthetic particles from the water-sediment 
interface to deeper sediment (Zhang et al. 2010; Rillig et al. 2017). Niu et al 
(2021), discovered that microplastics were decreasing in size with deepened 
sediment layers due to plastic-degrading bacteria; inferring that greater 
abundance of smaller particles could cause risk to a greater number of 
organisms. A similar trend in particle size and shape was observed in Earn et al. 
(2020), detailing effects are more likely to be detected in smaller sizes (88%).  
 
This study provides a temporal perspective of microplastic accumulation in 
sediment cores (0-15 cm deep) collected from Lake Huron and Lake Ontario. 
Surface sediment is defined as 0-5 cm depth, reflecting current contamination 




2019); and deep sediment within >5-15 cm, representing historic fluctuations of 
anthropogenic deposits. A negative trend in microplastic accumulation with 
increased sediment depth is hypothesized for Lakes Huron and Ontario. The 
results of this study will provide a better understanding of the long-term burial of 
hidden microplastics in sediment of the Great Lakes. The objectives are to: 1) 
Characterize microplastics by type, colour, size and composition; 2) Evaluate the 
vertical distribution of microplastics within the three sediment profiles to assess 
temporal trends and fluctuations; 3) Quantify historic microplastic accumulation 
rates in one Lake Huron and two Lake Ontario cores.  
4.3 Methodology 
4.3.1 Collection, Preparation, Processing and Analysis 
Three sediment cores (0-15 cm deep) were collected by Environment and 
Climate Change Canada (ECCC) in offshore depositional areas of Lake Huron 
and Lake Ontario (Fig. 4.1). Two cores were retrieved from Lake Ontario in April 
2017, and one from Lake Huron in September 2017. The cores were obtained 
using a box core sediment sampler, and the sediment was extruded and 
sectioned into 1 cm increments. The samples were refrigerated at 4°C on the 
vessel and were transported in coolers back to the laboratory to be frozen for 
further analysis. The cores were subdivided with multiple cylindrical push cores. 
One slice was set aside for radiometric dating, and the others were sliced for 
various studies including chemical contaminants and metals, and one sliced and 





Figure 4.1: Map of two sampling locations in Lake Ontario (403A and 209C) 
and one in Lake Huron (LH43). Core 403A and LH43 are located in the 
offshore whereas core 209C is proximal to the mouth of the Niagara River. 
 
The laboratory methods were consistent with previous studies examining 
microplastics in shoreline, tributary, nearshore and offshore sediment of Lakes 
Huron, Ontario, Erie, St. Clair, and the Thames River, London, Ontario 
(Zbyszewski and Corcoran 2011; Zbyszewski et al. 2014; Corcoran et al. 
2015; Ballent et al. 2016; Dean et al. 2018; Corcoran et al. 2020a). Each 
sediment interval was wet sieved with reverse osmosis water using a 45 µm 
metal sieve, transferred into aluminum pie trays, covered with foil, and dried in an 




flocculation during oven drying in preparation for microplastic-sediment density 
separation. This removal of fine-grained sediment could have resulted in particle 
count underestimations (Browne et al. 2010; Bergmann et al. 2017).   
 
The samples were transferred to glass beakers containing approximately 250 mL 
of 1.5 g cm-3 sodium polytungstate (SPT) solution and were mixed for 2 minutes 
using a magnetic stirrer. The supernatant was decanted into a glass separation 
funnel where it underwent density settlement. Once separation was completed, 
the non-buoyant sediment was filtered out and removed. The remaining buoyant 
material, consisting of microplastics entrained in organic matter, was filtered 
through a 25 µm quantitative fast flow filter paper and rinsed through a 53 µm 
sieve to dispose of any remaining SPT solution. The remaining particles were 
transferred to a glass petri dish (60 x 10 mm) and placed back into the oven at 
70°C. Fine silts and clays were lost due to processing ease, which could 
potentially underestimate particle counts. 
 
Microplastic identification and enumeration was completed on a Nikon SMZ1500 
stereomicroscope at magnifications of 15x to 225x. All visual analyses were done 
under a metal enclosure to mitigate background contamination. Anthropogenic 
particles were categorized by morphology (fibers, fragments and films), colour 
and size. Abundances were reported as the number of particles per kg of dry 
weight sediment (p kg-1 dw). Particles were picked from the sample and 
positioned on a piece of double-sided tape placed onto a microscope slide to 
undergo subsequent compositional analysis. A subset (10%) of anthropogenic 
particles were compositionally analysed using Fourier-Transform Infrared 
Spectroscopy (FTIR) at Surface Science Western, University of Western Ontario. 
Measurements were performed in transmission mode with a blank filter used for 
background measurements. Spectra corrections were completed to account for 
water vapour, carbon dioxide, and the adhesive tape. Each spectrum was 
collected from 4000-600 cm-1 with a resolution of 4 cm-1, and was compared with 




analyses was performed by RStudio (using package ggplot2) and Excel 
(Wickham 2016, RStudio Team 2020).  
4.3.2 Dated Sediment Core 
The 210Pb based dating method was used to establish a dating chronology for the 
Lake Huron sediment core (LH43). Gamma-ray spectrometry was conducted by 
ECCC. The 210Pb activity profile of the 15 cm sediment core was used to 
determine the sedimentation rate, along with anthropogenic fallout radionuclide 
137Cesium (137Cs). A clean 137Cs horizon was presented between 7.5 and 8.5 cm, 
attributed to the year 1963. Sediment chronologies and accumulation rates were 
determined using the constant rate of supply (CRS) model, assuming the 
atmospheric flux of unsupported 210Pb is constant. In sediment that was 
deposited continuously, it can be assumed that 210Pb activity decreases with 
depth. Following normalisation for the silt component (median of 75.7%), the 
sedimentation rate was determined as 0.15 cm/year, and the sedimentation rate 
using the 210Pbex was 0.26 cm/year. Based on these discrepancies, a global 
mean of both values was used estimating an overall sedimentation rate of 0.2 
cm/year. The chronological sequence of the LH43 core was used to assess 
historical microplastic accumulation rates.  
4.3.3 Quality Assurance and Controls  
To prevent contamination, all surfaces and apparatuses were wiped down, and 
glassware was rinsed with reverse osmosis water and dried before use. Cotton 
laboratory coats were worn during all experimental phases. A vacuum was 
employed to linoleum tile floors to minimize microfiber particles found in dust. 
Clean-air precautions in the form of a stereomicroscope enclosure, HEPA air-
purifiers, and fiber-glass filters were used while processing and microscopically 
examining sediment samples for anthropogenic particles. To ensure the reliability 
of results, procedural blanks containing purified sediment of equal weight were 
placed in all working environments to quantify airborne contamination levels. 




(1) microfibers were recorded and accounted for during analysis. Three pre-
industrial blank samples (25-27 cm, 27-29 cm, and 29-31 cm) were provided by 
ECCC and they were examined to contain zero particle counts, which is 
consistent with pre-industrial levels. More importantly, it indicates that sample 
handing during collection, preparation, and processing is not contributing to 
background levels.  
4.4 Results and Discussion 
4.4.1 Microplastic Abundance 
Anthropogenic particles were pervasive in all sediment cores and present down 
to 15 cm depths, with the exception of 209C (0-12 cm). The total microplastic 
abundance in Lake Ontario core 403A was 1,781,402 p kg-1 dw over the depth of 
the core, and had a mean ± standard deviation of 118,760 ± 45,124 p kg-1 dw for 
individual 1 cm slices.  For core 209C, the total was 229,226 p kg-1 dw with a 
mean ± standard deviation of 15, 282 ± 10,717 p kg-1 dw across individual slices. 
A total of 1,638,575 p kg-1 dw were enumerated in the Lake Huron core (mean ± 
standard deviation, 109,238 ± 73,360 p kg-1 dw). The ranges varied widely from 
8,197- 488,372 p kg-1 dw , 0- 35,990 p kg-1 dw, and 17,241- 280,066 p kg-1 dw in 
403A, 209C and LH43, respectively.  
 
A total of 398 fibers (58%), 258 fragments (41%) and 7 films (1%) were observed 
in all three cores. Anthropogenic particle morphologies differed amongst 
freshwater basins, with 82% more fibers in sediment of Lake Huron compared to 
Lake Ontario. Microfibers accounted for 77% of the total particle count in LH43 
(22% fragments, 1% film), which is similar to other sediment core results (Willis 
et al. 2017; Filgueiras et al. 2019; Zheng et al. 2020). Fragments represented 
68% (30% fiber and 2% film) and 80% (18% fiber and 2% film) of particle counts 
in Lake Ontario cores 403A and 209C, respectively. Comparably, Niu et al. 




fragments accounted for 51.3% of the total particles, contrary to microfibers with 
45.5%.  
4.4.2 Microplastic Depth Profiles: Size, Colour and Composition  
All core samples contained fragments within size ranges of 1 mm-500 µm, 500-
200 µm, 200-100 µm, and 100-53 µm, while particles >1 mm were found only in 
the Lake Ontario cores (Fig. 4.2). The majority of particles were observed in size 
class 200-53 µm. The results are comparable with studies that found an increase 
in microplastic frequency with decreasing particle size (Imhof et al. 2016; Willis et 
al. 2017). As seen in Figure 4.3, specific particle size classes varied with depth. 
LH43 contained the highest averaged counts in the 200-100 µm (35%) and the 
100-53 µm (31%) size fractions. In contrast, core 403A contains considerable 
quantities of particles in the >1 mm size class (25%), and core 209C mainly 
contains particles between 100-53 µm (40%) and 200-100 µm (32%). Core 403A 
contained the greatest particle assortment, with all five size classes located 
within the top layer of sediment (0-1 cm). Fragments >500 µm dominated 
subsurface sediment from 11-15 cm. Size-selective feeding of benthic organisms 
could be responsible for the unidirectional transport of microplastics >500 mm 
and the long-term retention in greater sediment depths (Gebhardt et al. 2018).   
 
Figure 4.4 conveys the relative proportions of fragments categorized by size, 
within surface (0-5 cm) and subsurface sediment deposits (6-15 cm). The Lake 
Huron sample revealed a clear vertical trend in fragment dimensions, which may 
demonstrate the breakdown of plastic particles within sediment (Wang et al. 
2019). Comparably, a study by Frei et al. 2019 showed an increase in 
abundance with decreasing particle diameters, suggesting hyporheic exchange 
was a transfer mechanism of pore scale microplastics (20-53 µm) from surface 
flow into streambeds. In core 403A, more than 50% of each size class (excluding 
1 mm-500 µm) contained higher counts of microplastics within surface sediment, 
reflecting more varied modern plastic pollution sources in the Lake Ontario basin 











Figure 4.3: Relative proportion of fragment size classes (>1 mm, 1 mm-500 





Figure 4.4: Relative abundance of fragment categorized by size, within 






The most documented fragment colours averaged over all three cores included 
blue (n=25), pink and purple (n=13), white (n=13), multicoloured/chromatic 
(n=11) and green (n=10). Blue and pink/purple were the most frequent colours in 
LH43 for a total of 24 and 17 particles, respectively. Lake Ontario cores 
contained higher numbers of blue fragments with a total of 21 in 403A and 31 in 
209C. A total of 29 white fragments with a glossy texture (>500 µm) were found 
throughout the 403A sediment column (end-to-end). Chromatic fragments 
(encompassing more than 1 colour) were also identified in all three core samples.  
 
 A subset of anthropogenic particles (10%) was randomly selected for Fourier 
Transform Infrared spectroscopy (FTIR), in which 85% of the particles were 
identified as synthetic microplastics (Fig. 4.5a). Synthetic fibers made up 100% of 
the count in Lake Ontario cores, in comparison with Lake Huron, which contained 
36% cellulosic fibers. Interestingly, a lower percentage of cellulosic fibers were 
found within the core, rather than Lake Huron surface sediment (Chapter 3). This 
could imply greater cellulosic inputs over recent decades, or the possible vertical 
transport of synthetic fibers throughout the core. Polyethylene terephthalate 
(PET), was the most prevalent fiber composition, accounting for 50% of the total. 
Conversely, 50% of the fibers analysed in LH43 surface sediment were of natural 
origin (Chapter 3). The fragments in cores LH43, 403A and 209C were 
composed of a variety of polymers, in addition to cellulose and calcium carbonate 
(Fig. 4.5b). Natural particles made up 5.3% of the total identified fragments 
detected in cores LH43 and 209C. This suggests that 90% of fragments are 
plastic in both LH43 and 209C, while 100% of plastic fragments were analysed in 
core 403A. Polypropylene (PP) fragments were found in all cores (3.33 ± 1.53) 
and accounted for 26.3% of the total. Polyethylene (10.5%; 1.33 ± 1.15) and 
paint related coatings (31.6%; 4.00 ± 4.58) such as industrial coatings, alkyds 
and epoxies were identified in cores LH43 and 209C. Moreover, polystyrene (PS) 
plus nitrocellulose were located exclusively in Lake Ontario sediment as pink, 
mottled fragments. Other polymers included PS (2.6%) on its own, polyurethane 


























































































4.4.3 Vertical Distribution of Microplastics 
Examining the vertical distribution of microplastics in lake bottom sediment is 
essential for monitoring trends reflective of past and present pollution levels 
caused by anthropogenic and environmental factors. The results from all cores 
suggest heterogeneity of microplastic deposition, and at different sediment depth 
profiles (Fig. 4.6). Core LH43 contained greater microplastic abundances below 5 
cm with an average of 131,305 p kg-1 dw No trend in depth was observed in core 
209C, with otherwise comparable means in surface (17,582 p kg-1 dw) and 
subsurface sediment (20,188 p kg-1 dw).The majority of microplastics in core 
403A (61%) were found within the surface sediment (218,399 p kg-1 dw). Mao et 
al. (2021) found a similar result of greater averaged microplastic abundance in 
Wuliangsuhai Lake surface sediment (0-6 cm) compared to 24-30 cm depths. 
Similarly, Martin et al. (2017) determined that the water-sediment interface and 
top 2.5 cm of Irish continental shelf sediment contained the highest microplastic 
concentrations (97% of the total).  
 
All cores in the present study contained greater averaged fiber counts within the 
top 5 cm (LH43: 24.6 ± 6.19, 403A: 4.8 ± 2.59, 209C: 3.6 ± 1.34) in comparison 
to subsurface sediment (LH43: 21.5 ± 9.64, 403A: 1.2 ± 1.62, 209C: 0.6 ± 1.07). 
However, LH43 exhibited higher averaged fragment assemblages within 6-15 cm 
depths (7.1 ± 6.21), in comparison to the Lake Ontario cores (403: 9.8 ± 6.18 and 
209: 8.4 ± 2.88). Cores LH43 and 403A exhibited a decreasing vertical trend with 
increasing depth from ~9 cm to 15 cm. The Lake Ontario 403A core observed an 
overall decline in abundance from 3 cm to 15 cm. These results are consistent 
with previous investigations showing microplastic quantities decreasing from 
surface to subsurface sediment (Li et al. 2020; Zheng et al. 2020; Mao et al. 
2021). No observable trend was observed in core 209C, thus suggesting that 
microplastic input remained consistent through time. The Lake Huron core 
displays an accumulation peak at core slice 8-9 cm with a total of 280,066 p kg-1 
dw sediment (Fig. 4.6a). Lake Ontario 403A core displays a peak at 7-8 cm with 




peaks, one at a subsurface depth of 7-8 cm and one within the surface layer at 2-
3 cm with a significant microplastic concentration of 488,372 p kg-1 dw (Fig. 
4.6b). Sediment at 15 cm depth saw a 97% decrease in microplastic abundance 
than that at 3 cm.   
 
Figure 4.6: Vertical distribution of microplastics through A) Lake Huron 
(LH43), B) Lake Ontario (403A), and C) Lake Ontario (209C). 
 
The sediment core from central Lake Huron (LH43) was dated using 210Pb to 
evaluate the historical accumulation of microplastics in sediment. Using a global 
mean sedimentation rate of 0.20 cm/yr1, the corresponding age of sediment from 
0-15 cm is 1939 to 2014 (Table 4.1). One sediment core slice represents a 5-





an influx of microplastics from a depth of 14 cm to 9 cm, which roughly 
represents the years between 1949 to 1974. There is a subsequent decline in the 
early-to-mid 1990s (4-5 cm) followed by a relatively stable influx to 2014 (0-1 
cm). The results were plotted against global plastic production (Mt yr-1) as shown 
in Figure 4.7a. The greatest microplastic abundances were found between core 
slices 9-10 cm with 180,128 p kg-1 dw and 8-9 cm with 280,065 p kg-1 dw, which 
roughly equates to the years 1969 and 1974. The lowest concentrations were 
found in slices 14-15 cm and 13-14 cm with 18,128 p kg-1 dw and 17,241 p kg-1 
dw, respectively (ca. 1944-1949). In addition, the greatest particle counts (N) 
were observed at 7-8 cm (ca.1979), which contained 54 anthropogenic particles 
(35 fibers, 18 fragments and 1 film). These results suggest sediment 
concentrations are consistent with plastic production trends from the early 1950s 
to late 1970s. 
 
Table 4.1: Silt component, 137Cs, excess and natural log 210Pbex activity, 
dated chronology according to an average sedimentation rate of 2.0 cm/yr-
1, microplastic abundance (p kg-1 dw), and global plastic production levels 





An approximate chronology was constructed for cores 403A and 209C in Lake 
Ontario, using previously documented sedimentation rates. An average 
sedimentation rate of 0.19 cm/yr-1 was used to determine historic microplastic 
accumulation rates at site 403A (Kemp 1974; Joshi et al. 1992). This 
sedimentation rate suggests that each core slice (0-15 cm) represents 5.3 years, 
which formed the basis for the applied chronology. Since microplastics were 
found down to 15 cm at site 403A, it can be estimated that microplastics have 
been accumulating in offshore sediment for ~80 years, from ~1935 to 2014 
(Figure 4.7b). Similar to the Lake Huron core, an increase in microplastic 
abundances took place from the early 1940s to the late 1970s, with a subsurface 
peak at 7-8 cm (c. ~1977). A decrease was detected from slices 7-8 cm to 5-6 
cm, representing the late 1970s to the late 1980s (ca. ~1977-1988), and a 
substantial increase is displayed from 6 cm to 0 cm (~1988-2014). Maximum 
abundances were found within the 2-3 cm core slice, which represents the early 
2000s, with 488,372 p kg-1 dw sediment. Microplastic abundances from ~1993 to 
2014 account for 61% of contaminants throughout the entire 403A core (0-5 cm). 
This suggests that over a 20-year period, microplastics were accumulating at 
greater rates in Lake Ontario offshore sediment than Lake Huron. This may be 
due to the influence of emissions from the plastics industry sector (e.g in 
stormwater and wastewater), which is prominent in the Lake Ontario basin, which 
ultimately enter the lake (Ballent et al. 2015; Corcoran et al. 2020b; Grbić et al. 
2020).  
Interestingly, microplastic accumulation peaks and fluctuations are similar to 
Dechlorane Plus (an additive flame retardant) levels observed in a sediment core 
collected from the mouth of the Niagara River in 2007 (Sverko et al. 2010). 
Dechlorane Plus concentrations were observed at peak levels between 1976 and 
1980, followed by a decease related to federal and state laws to mitigate 
contaminants into the river. Furthermore, Myers et al. (2012) also observed an 
increasing trend of perfluoroalkyl carboxylic acids (PFCAs) and perfluoroalkane 
sulfonic acids (PFSAs) from 1988 to 2004 in a western Lake Ontario core. Thus, 




microplastic accumulation rates, suggesting bottom sediment from Lake Ontario 
is a major indicator of past and current changes within the anthropogenic 
environment. 
Similar to core from 403A, an approximate timeline was created for sediment 
core 209C, located within the Niagara Basin of Lake Ontario. A sedimentation 
rate was calculated as 0.80 cm/yr-1 using the polonium distillation method by 
Sverko et al. (2010). One core slice represents 1.25 years, from ~2002 to 2017. 
The ~13.75 core slice represents accumulation that began 1.25 years prior 
(Figure 4.7c). With particles observed at a maximum depth of 12 cm, 
microplastics are estimated to have accumulated in sediment at 209C for ~15 
years. No observable trends were distinguished within this sediment core. This is 
because the Niagara bar core examines microplastic trends over a much shorter 
time frame. Given fluctuations in the top 3 cm of the 403 core, these results could 
be consistent with one another, displaying relatively similar values over the same 
15 years. Nonetheless, results demonstrate how much plastic has made its way 
into the Lake Ontario basin over a 15-year period. 
Notably, microplastics were identified in 14-15 cm core slices (ca.~1940 and 
1944) in cores 403A and LH43, which predates global plastic production in the 
1950s. This data could indicate that: 1) anthropogenic particles are being broken 
down into smaller sizes and are being infiltrated downwards through the 
sediment column (in the case of Lake Huron), and/or 2) microplastic-sediment 
chronologies are being influenced by bioturbation activities wherein bottom 
dwelling organisms transport natural and anthropogenic particles vertically down 
through the sediment column (Xue et al. 2020; Mao et al. 2021). For example, 
Arenicola marina (lugworm) can distribute and bury microplastics from surface 
sediment down to ~20 cm depth (Van Cauwenberghe et al. 2015; Gebhardt et al. 
2018). These organisms are often categorized as head-down conveyor belt 
feeders, meaning that they also transport particles from deeper horizons to the 
surface by ingestion and defecation (Kristensen et al. 2012). Sediment reworking 




the upper layer, resulting in new surface sediment being exposed to lake 
hydrodynamics (Wendelboe et al. 2013). As a result, bioturbation processes 
could be responsible for transporting more recent microplastics to greater 




















1940 1946 1951 1956 1961 1967 1972 1977 1982 1988 1993 1998 2003 2009 2014
G
lobal Plastic Production (M




































1944 1949 1954 1959 1964 1969 1974 1979 1984 1989 1994 1999 2004 2009 2014
G
lobal Plastic Production (M






































2003 2004 2006 2007 2008 2010 2011 2012 2013 2015 2016 2017
G
lobal Plastic Production (M


























Figure 4.7: Historic microplastic accumulation rates plotted against global 
plastic production (Mt y-1). (A 210Pb dated sediment chronology of the Lake 
Huron profile (LH43), indicating ~75 years of accumulation. (B Approximate 
chronology of the Lake Ontario offshore core 403A, with an accrual of ~80 
years. (C An estimated chronology of core 209C by the Niagara River, 
representing ~15 years of accumulation. Note time intervals in core LH43 
(1939-2014), 403A (1935-1940) and core 209C (2002-2003) reflect 
accumulation prior to 15 cm and 12 cm depths. 
4.4.4 Temporal Trends and Changes 
4.4.4.1 First-Order Increase (c. ~1940-1977) 
A time of considerable growth in production, urban development, and human 
consumption occurred immediately following World War II in 1945, frequently 
termed “Great Acceleration” (Steffen et al. 2015). The majority of commercial 
plastics and resins began to be produced in the 1930s, with the exception of 
expanded PS and Styrofoam in 1954. However, an estimated 8.3 Mt of plastic 
has been generated since the 1950s, following global mass production (Geyer et 
al. 2017). Global plastic production increased from 2 to 59 Mt yr-1 from 1950 to 
1977. Pollutants in Lake Huron and Lake Ontario offshore cores (LH43 and 
403A) saw dramatic increases from the early-mid 1940s to the mid-late 1970s (c. 
~1940-1977). From 1944 to 1974, microplastics increased 15-fold in LH43 (Fig. 
4.8a, and a 19-fold increase was observed in 403A from ~1940 to 1977 (Fig. 
4.8b). This contamination influx is reflective of the mass production, use, and fate 
of single-use plastics during this time period. Consequently, plastic products 
were discarded readily as viable waste management practices did not exist 
(Geyer et al. 2017; Ritchie 2018). Since then, literature has related particle 
concentrations with global plastic production demands. For example, Thompson 
et al. (2004), discovered a significant increase in microfiber concentrations in 
beach, estuarine and subtidal sediment from the 1960s to the 1980s, reflecting 




temporal trend in microplastic accrual while examining a dated sediment core 
collected from an urban lake. Their results indicated low microplastic 
accumulation rates in the 1950s-1960s, then an accumulation peak in the mid-
late 1960s (226 p kg-1 dw), a subsequent decrease in the 1980s, and another 
surge within the surface sediment layers (539 particles p kg-1 dw; c. 2005 to 
2009).  
 
Microplastics in Lake Huron sediment saw a 90% decline from the mid 1970s to 
early 1990s. Similarly, microplastic abundances decreased by 91% in the Lake 
Ontario offshore core 403A from the late 1970s to late 1980s. This could be 
attributed to the implementation of recycling in the 1980s, as 100% of plastics 
were formerly discarded (Geyer et al. 2017; Ritchie 2018). However, diversion 
rates were insignificant until 1989, increasing by a mere 0.6 percent. Three 
significant recessions occurred in Canada from 1980-1984, 1989-1994, and 
2008-2010, and these economic disturbances could have decreased plastics 
production demands during those time periods (Kneebone and Gres 2013). The 
drop in microplastic abundances in the mid-to-late 1970s in the 403A core could 
also be due to the implementation of environmental control measures to divert 
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Figure 4.8: Offshore sediment cores (A) LH43 and B) 403A exhibiting an 
increasing trend in microplastic abundance (p kg-1 dw) and global plastic 
production (Mt y-1) from the early-mid 1940s to mid-late 1970s. 
4.4.4.2 Second-Order Increase (c. ~1993-2014) 
Following the decline in the early 1990s, microplastic accumulation rates display 
an increase with time, from ~1993 to 2014 in cores LH43 and 403A (Fig. 4.7). 
Microplastic abundances tripled from 27,962 p kg-1 dw to 72,509 p kg-1 dw, with a 
steady increase with depth in surface sediment of Lake Huron (Fig. 4.7a). In core 
403A, abundances increased 4-fold from 121,495 p kg-1 dw to 488,372 p kg-1 dw 
at 5 cm to 3 cm depths (c.~1993-2003) (Fig. 4.7b). This decadal increase could 
reflect plastic production rates rising from 132 to 241 Mt yr-1. Comparably, Mao et 
al (2021) observed greater averaged microplastic abundances in surface 
sediment of 0-6 cm depths (45.25 ± 20.13 particles 100 g−1) in comparison to 
other depths (0-30 cm), while examining the vertical distribution of particles in 
Wuliangsuhai Lake. Matsuguma et al. (2017) also determined that surface 
sediment (0-2 cm) contained greater microplastic concentrations with 7000 p kg-1 
dw in Tokyo Bay, dating back to the early 2000s. This study related increasing 
abundances from the 1990s to 2000s to increasing plastic consumption in 
Thailand. Therefore, based on our findings and global sediment core trends, it 
can be assumed that microplastic pollution will continue to accumulate in bottom 
sediment of the Great Lakes unless integrated and innovative practices for a 
closed-loop system are employed (Prata et al. 2019; Häußler et al. 2021; Syberg 
et al. 2021).  
4.4.5 Cross-Study Comparisons  
The findings of this study were compared with previous investigations measuring 
anthropogenic particles in sediment of Lake Ontario, including Corcoran et al. 
(2015) and Ballent et al. (2016). Comparable and reproducible sediment 
collection, preparation, processing, and particle characterization and analysis 





Samples from Corcoran et al. (2015) were collected from the north-central part of 
Lake Ontario (Station 403), and close to the Niagara Bar (Station 208). Offshore 
sediment samples were collected by ECCC for both studies. Microplastic 
abundances were highest in greater water depths of Lake Ontario (station 403 
and 403A), as opposed to station 208 and 209C, which were collected closer to 
the inshore zone. The Greater Toronto Area, one of the most densely populated 
urban areas in Southern Ontario, has been identified as a major source and 
pathway of microplastic pollution into Lake Ontario (Grbić et al. 2020).  
 
According to Corcoran et al. (2015), differences in microplastic abundance is 
likely due to location within the lake. Both station 208 and 209C are located 
within the Niagara Basin at approximately 140m depth, near the mouth of the 
Niagara River. Corcoran et al. (2015) suggest that the slope off of the Niagara 
Bar and the release of fluvial bottom sediment east of the basin, could be 
hindering microplastic deposition at station 208. In contrast, station 403 and core 
403A are located in the Mississauga basin, ~25 km away from the shoreline, with 
depths >180 m. In comparison to rivers, large freshwater lakes contain lower flow 
rates and generally longer retention times, which allow for greater deposition of 
microplastics. Longer residence times could also be promoting increased 
microalgae growth, which can cause polymers to sink and settle in sediment 
(Lagarde et al. 2016; Mao et al. 2018; Yan et al. 2021).  
 
Corcoran et al. (2015) identified microplastic particles down to 8 cm depth. 
However, the authors studied only sediment ranging from 3 mm- 500 µm. In the 
present study, anthropogenic particles within the size classes 200-100 µm and 
100-53 µm make up the majority of the particles identified within the sediment 
cores. Therefore, particles <500 µm represent a significant size class, and further 
demonstrate the continued degradation of microplastics in Lake Ontario bottom 




more likely to adsorb organic and heavy metal pollution and can become 
ingested by benthic organisms (Guan et al. 2020; Mao et al. 2021).  
 
Consistencies in microplastic morphologies are evident across Corcoran et al. 
(2015), Ballent et al. (2016) and the present study. The three particles that are 
predominant and at multiple depths include: 1) pink, wispy, PE fragments; 2) light 
blue, wispy, PP fragments; 3) and white to translucent, glossy, irregular PP 
fragments (Chapter 5). Similar particles in sediment of Lake Huron and Lake 
Ontario could indicate wider horizontal dispersion throughout the Great Lakes 
continuum, whereby positively buoyant or neutrally buoyant particles are 
transported from Lake Huron to Lake Ontario by connecting rivers and channels.  
4.5 Conclusion 
 
This study investigated the vertical distribution of microplastics in sediment down 
to 15 cm depth in offshore locations of Lake Huron and Lake Ontario, which is 
equivalent to approximately 75 to 80 years of accumulation (LH43 and 403A). 
Both cores exhibit a general decreasing trend in microplastic accumulation with 
increasing depth, albeit with fluctuations. The majority of the microplastic 
particles are in the size range of 200-53 µm, which explains higher particle 
counts in this investigation, as opposed to Corcoran et al. (2015). Particle sizes 
in Lake Huron generally decrease with depth, suggesting either a downward 
degradation of particles in the sediment or an increase in plastics production and 
discard.  
 
This is the first study to examine historical microplastic accumulation rates using 
210Pb dated sediment chronologies of Lake Huron. It also provides an updated 
level of contamination in the Lake Ontario basin, demonstrating similar past and 
current contamination fluxes. Cores LH43 and 403A display similar microplastic 
accumulation peaks in 8-9 cm and 7-8 cm core slices, representing the years 




Huron and Ontario could be associated with rising global plastic production 
demands, showing a steady increase over 20 years from ~1993 to 2014. 
Microplastic accumulation rates and temporal trends exhibited similarities to 
various contamination fluxes in sediment cores from Lake Ontario. This finding 
should urge stakeholders to perceive and assess microplastics in the Great 
Lakes as diverse contamination suites (Rochman et al. 2019), when 
implementing future remediation projects. Analyzing the vertical distribution of 
microplastics in surface and subsurface sediment provides an improved 
assessment of contamination inputs and inventories within lake basins and 
reflects temporal depositional changes in sediment of the Great Lakes system.  
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Chapter 5  
5 Discussion, Conclusions and Future Research  
5.1 Discussion 
The totality of the results from this study suggests that benthic sediment samples 
from Lake Huron are accumulating microplastics in various depositional 
environments (subbasins, underwater channels and ridges) of Lake Huron 
waterbodies, including the main basin, the North Channel, Georgian Bay, and 
Saginaw Bay. Figure 5.1 displays the microplastic abundances in relation to 
bottom substrate, showing that greater abundances in clay and mud/silt 
substrates are associated with greater lake depths. Factors influencing the 
spatial distribution of microplastics in Lake Huron are mainly hydrodynamic 
processes, rather than source processes; implying that wind, wave and surface 
current patterns are responsible for carrying buoyant particles from urban 
shorelines to the offshore where they will eventually settle out. A high residence 
time (22 years) could imply long-term microplastic retention and transport within 
the surface and water column, causing the degradation of plastics by chemical 
and biological weathering. Additionally, connecting waters from Lake Superior 
(St. Mary’s River) and Lake Michigan (Straits of Mackinac) could be discharging 
microplastic contaminants into Lake Huron, which are then transferred to other 
Great Lakes, as numerous particles observed in Lake Huron offshore sediment 
resemble particles found in Lake Ontario and Lake Erie nearshore and tributary 











Only one study has examined microplastics in offshore benthic sediment of Lake 
Michigan and Erie (Lenaker et al. 2020), making lake-wide comparisons 
challenging. Microplastics were detected in every benthic sediment sample 
collected from Lake Michigan (n=20) and Lake Erie (n=12). Abundances in Lake 
Erie were higher than those of Lake Michigan, averaging 431 p kg-1 dw and 65.2 
p kg-1 dw, respectively, with fibres/lines dominating both lakes (Lenaker et al. 
2020). Microplastic concentrations from Lake Huron surface sediment (n=76) 
averaged 21,593 p kg-1 dw, indicating an almost 2-fold and 3-fold increase from 
Lake Erie and Lake Michigan. However, Lenaker et al. (2020) analyzed size 
fractions from 355-100 μm, while the current study observed particles to a lower 
size limit of 53 μm. Results also suggest higher particle counts at smaller size 
fractions, which could explain the difference in abundance. High microfibre 
counts could suggest non-point source pollution being released into the lake from 
wastewater treatment plants, laundering practices, and agricultural runoff, and 
atmospheric fallout.  
5.2 Estimated Particle Source-Apportionment 
The source-apportionment of particles is important when attempting to trace a 
plastic back to its original product (Helm 2017). However, mechanical, chemical 
and biological weathering processes cause plastic debris to degrade into 
secondary plastics (Corcoran 2021), as suggested in greater particle counts 
within the size range of 500-200 μm in Lake Huron, which makes determining a 
source challenging (Corcoran et al. 2009; Cooper and Corcoran, 2010; Corcoran 
et al. 2018).  
5.2.1 Mesocarbon Microbead: Coal Tar 
A visually weathered black microbead was identified in southern Lake Huron 
sample LH8. This sample is located in sandy substrate near a dense industrial 




Figure 5.2a, b shows the mechanical and possible chemical erosion of the 
particle, displaying a distinct groove/gauge and numerous pits. The microbead 
was analyzed by Attenuated Total Reflection- Fourier Infrared (ATR-FTIR) 
spectroscopy and was found to contain spectra consistent with hydrocarbon 
resin, mainly aromatic (Fig. 5.2c). Aromatic hydrocarbon resins are a preferred 
tackifier found in various products including sealants, adhesives for packaging, 
automotive and building/construction (rubbers and asphalt concrete), laminating, 
paint and coatings, and printing inks (Wypych 2018). Studies investigating 
mesocarbon microbeads prepared by the co-carbonization of coal tar pitch 
exhibited similar spectra to the black microbead (Fan et al. 2017; Yan and Wang 
2019). Coal tar is often used as a pavement sealant and can become abraded by 
tires (pavement scrapings and dust) and washed into storm sewers and 
eventually streams and rivers (Baldwin et al. 2020). Ahrens and Depree (2010) 
observed high concentrations of PAHs in coal tar, suggesting even low levels 
(0.01%) can account for more than 90% of PAHs in adjacent stream sediment. 
According to Simcik and Offenberg (2006), combustion related PAHs are known 
to be transported over large distances and settle in sediment of the Great Lakes. 
Higher PAH contamination was observed in nearshore sediment proximal to 
industrial areas and the dredging of ports and harbours. Unfortunately, no data 
were available for Lake Huron sediment from the former study, but greater 
influence was expected around the Saginaw Bay area. The presence of PAHs 
from coal tar sealant products could imply greater ecological threats to 





Figure 5.2: Examples of surface textures examined on a black microbead. 
A) Groove/Gauge (~1.2 mm). B) Pits. C) FTIR spectra from the black 
microbead compared to aromatic hydrocarbon resin. 
5.2.2 Pink, Wispy, Translucent Fragments 
Pink translucent fragments were identified in 24% (18) of the examined sediment 
samples. The fragments were all similar in colour, transparency, and wispy 
texture (Fig. 5.3a). Fourier Transform Infrared analysis confirmed the 
composition of the particles as PE, which is the most common commercialized 
plastic (Fig. 5.3c) (Jambeck et al. 2015; Geyer et al. 2017). These fragments are 
consistent with fragments identified in a Lake Ontario sediment core from 2015 
(Corcoran et al. 2015). These plastic particles have a low density and large 
surface area to volume ratio, and therefore, they are more likely to float in 
surface water. However, both studies observed brown particles on the fragments, 




transformations are at work, causing these particles to sink. The pink fragments 
in the present study were identified throughout the Lake Huron main basin, but 
not within Georgian Bay (Fig. 5.4). None of these particles were observed to 
enter and settle in sediment of Georgian Bay.  
 
 
Figure 5.3: Assessment of pink, wispy, translucent fragments. A) Images of 
particles. B) Image of pink antistatic packaging. C) FTIR spectra of pink 






Figure 5.4: Map of pink particle abundances in Lake Huron. 
 
The three areas that contained the greatest pink particle counts were in or near 
bays and tributaries, and on a ridge composed of undifferentiated till and 
bedrock. Sampling location LH27 contained 22 fragments, making up 96% of the 
fragment count within that site. This sample is located on the Huron Ridge, 




fragments, 88% of the total fragment count, located in a narrow waterway from 
the Straits of Mackinac to the Lake Huron main basin. The third site contained 17 
fragments (LH36), 81% of the total fragment count, located within the Thunder 
Bay Basin, approximately 4,320 m from the Thunder Bay River mouth.  
 
After examining particles from various sediment samples, two pink anti-static 
packaging materials were analyzed (Fig. 5.3b). This packaging is used widely to 
encase and protect electronics from damage due to static electricity interference. 
The FTIR spectra produced from both the pink bubble wrap and glossy pink 
packaging displayed comparable PE peaks to the degraded fragments, and the 
provided PE spectra (Fig. 5.3c). However, this observation does not assume 
antistatic packaging is a source of these pink, wispy, translucent particles as 
numerous plastic sources are composed of PE, and some resemble particles 
derived from deflashing processes.  
5.2.3 Orange/Red Paint Fragments 
Notably, 31% of the total orange fragment count, showed consistencies in colour, 
opacity, and physical characteristics in 43 sampling locations. These plastic 
fragments were identified/recorded as ‘orangey-red’, opaque, glossy, 
angular/irregular in shape, ranging from 500-50 μm, and were examined to have 
an industrial coating (paint-related) composition (Fig. 5.5). Eriksen et al. (2013) 
discovered several plastic particles, red in colour with laminate texture and less 
than 1 mm in size, when sampling surface waters of the Great Lakes. They 
hypothesized that the ‘paint-related’ particles were coming from the nautical 
vessel/apparatus itself. Their SEM/EDS analysis confirmed an elemental 
fingerprint to the samples taken from the boat. Despite these paint chip 
fragments being excluded from the overall plastic counts, and zero images 
provided to confirm particle similarities, there is a likelihood that the fragments 
making up 56% of our sediment samples in Lake Huron, are consistent with 
those recorded from Great Lakes surface waters. This suggests that these paint-




and/or osmosis blistering of the red paint coating. Lacerda et al. (2019) also 
found a high number of paint fragments in surface waters sampled in Antarctica. 
The authors conducted FTIR analysis and determined that the red paint 
fragments were derived from the hull of the ship or had already been present in 
the environment before sampling took place. The researchers also determined 
that the paint chips were being colonized by diatoms and bacteria (de Haan et al. 
2019), which would increase the density of the particle, thereby leading to 
sinking. 
  
Figure 5.5: Images of various orange/red paint fragments detected in 
sediment samples from Lake Huron. Notice the decrease in size from 1 mm 
to 100 μm. 
5.3 Particle Consistencies Between Lakes 
Similar polymer types were identified throughout the Lake Huron (LH43) and 
Lake Ontario (403A and 209C) sediment cores. Cross-study comparisons were 




Ontario (Corcoran et al. 2015; Ballent et al. 2016). Visual and compositional 
consistencies by lake and depth suggest similar low-density polymers (PE, PP, 
and PS) are moving through the Great Lakes continuum, and undergoing density 
alterations to settle in sediment. Observations at multiple sediment depths imply 
that these particular polymers have been in the Great Lakes for several decades. 
Table 5.1 details the characteristics and compositions of four of the most 
prevalent microplastic particles.  
 
The first particle is referred to as a “Pink Mottled Fragment”. This fragment was 
light pink in colour, with darker pink and orange dots. Particle size ranged from 
500-200 μm, and fractures appear in 3 directions at 90-degree angles. This 
fragment type was observed in all three sediment cores, primarily in surface 
sediment of Lake Ontario (0-5 cm) and subsurface sediment in Lake Huron (9 
and 11 cm). These particles were not observed in surface sediment samples 
from Lake Huron. This particle type was also detected in grab samples from Lake 
Ontario (Figure 5; top row) by Ballent et al. (2016). The FTIR analysis of this 
fragment type indicated a PS component coupled with nitrocellulose. Therefore, 
the pink mottled fragments could have been sourced from various insulation 
products, such as pink foam boards or pink extruded PS insulation.  
 
The second particle is the “White Glossy Fragment”. These particles were widely 
distributed throughout the Lake Ontario (403A) sediment column (0-15 cm), and 
in three samples in core 209C located near the Niagara Bar. None were 
observed in Lake Huron samples. These irregularly shaped, often coiled/frayed 
particles were >1 mm-500 μm in longest diameter, and were composed of PP. It 
is unclear from where the white PP particles originate, although the frayed and 
coiled appearance resembles that of deflashing waste, as suggested by Ballent 
et al. (2016). Corcoran et al. (2015) also observed one irregular white PP particle 
in a sample from the center of Lake Ontario at 2-4 cm depths. Since these 
particles are not traceable in Lake Huron benthic sediment, it could be assumed 




The third particle was the “Multicoloured Fragment”, which was observed in 200-
100 μm size fractions and was inferred to be paint-related. These particles were 
observed in Lake Huron (n=2) and Lake Ontario (209C; n=2) subsurface 
sediment. The fourth particle, the “Wispy Blue Fragment” shows no consistencies 
throughout any of the sediment cores. These particles range from 500-200 μm in 
size, and therefore, these particles are at greater risk for biofouling and 
adsorption of environmental pollutants because of their relatively large surface-















Table 5.1: Characteristics of four of the most prevalent particles found in 
Lake Huron and Lake Ontario sediment cores detailing shape, opacity, 
physical characteristics, average size range, analytical composition, 
sample type, depth (cm), and MP count (N).  













Some Frayed 5 2











Slightly Translucent 10 1
































5.4 Exposure to Bottom-Dwelling Organisms 
The exposure of microplastics to organisms is a cause for concern within various 
freshwater trophic levels of Lake Huron. For example, multiple benthic and 
sediment dwelling organisms reside in sediment of all Lake Huron waterbodies, 
many of which include Dreissenids, Chironomidae, Heterotrissocladius spp, 
Diporeia, Stylodrilus heringianus and Enchytraeidae (Burlakova et al. 2018). 
These benthic invertebrates live in bottom sediment where the organic particulate 
matter and pollution loads are deposited and consumed. Burlakova et al. (2018) 
examined benthic communities in all Great Lakes and found species richness 
was greatest in shallower (<70 m) waters, with Lake Huron consisting of 83 taxa. 
Notably, this study observed and counted “fragments”, and excluded them from 
all analysis. However, it is unclear if the fragments were deemed as 
microplastics.  
Organisms could inadvertently ingest microplastics within benthic compartments, 
and cause impairments to their larval gut, as observed in laboratory tests 
conducted by Silva et al. (2019). Saginaw Bay in Lake Huron has been 
documented to contain high densities of zebra mussels. Interestingly, chlorophyll 
and total phosphorous levels decreased by 66% because of increased bivalve 
populations (Fahnenstiel et al. 1995). Research was conducted to evaluate the 
uptake and chronic toxicity of virgin polystyrene beads on freshwater zebra 
mussels (Dreissena polymorpha). Results indicated that microplastics could 
enter the gastrointestinal tract of mussels, be transferred to tissue, and show 
high concentrations within the gut lumen (10 μm) (Magni et al. 2018) 
Furthermore, benthic organisms (Dreissenids) can serve as important diets to 
fish in Lake Huron such as the round goby, providing a linkage between higher 
trophic levels (Rosenberg et al. 2004).  
A model was created to demonstrate the numerous dynamic processes that can 
eventually lead to the exposure of a freshwater organism to microplastics in a 




chemical, biological), transport (surface currents, deposition, settlement, 
resuspension, burial, vertical distribution, and atmospheric fallout) and behavioral 
(aggregation, biofouling, adsorption of pollutants and metals) processes 
influencing a particle within surface and subsurface water and sediment. It also 
displays potential urban sources (WWTPs, plastic production sites, landfills, 
laundering practices, and the abrasion of tires), and non-point sources, such as 
agricultural runoff, recreational fishing and boating activities, and anthropogenic 
littering (Fig 5.6).  
 
5.5 Conclusion 
The main ideas presented in this thesis provide insight into the degree of 
contamination within surface and subsurface sediment of Lake Huron. It provides 
Figure 5.6: A model of microplastic transport, degradation, potential sources 




an understanding of factors impacting the spatial distribution of microplastics, 
and the depositional pathways that lead to greater microplastic concentrations. 
This is a baseline study of past and current microplastic inputs in the Lake Huron 
offshore depositional environment and is the first to examine the temporal 
dichotomy between Great Lakes sediment cores (Huron and Ontario). The 
results can be used as a benchmark for studies quantifying microplastics in 
various waterbodies of Lake Huron (the main basin, Georgian Bay, North 
Channel, and Saginaw Bay), and future Great Lakes comparisons. Conclusions 
from each chapter include: 
Chapter 2  
• Cellulosic fibres dominate anthropogenic particles in negative control 
samples. Background contamination was reduced following the 
implementation of clean-air devices including a microscope enclosure and 
HEPA air purifier.  
• Following the evaluation of QA/QC protocols in papers reporting 
microplastics in sediment, 74% were found to be at medium to high risk of 
secondary laboratory contamination.  
Chapter 3 
• Microplastic concentrations were detected in all waterbodies of Lake 
Huron, suggesting significant lake-wide dispersion and deposition in 
offshore sediment. 
• Higher microplastic abundances were found in greater water depths. 
• Sampling locations near tributary inflows and WWTPs were not correlated 
to higher microplastic abundances, in comparison to investigations of 






• There is a vertical distribution of microplastics from 0 to 15 cm in offshore 
sediment cores (LH43 and 403A) and to 12 cm in a core on the Niagara 
bar (209C).  
• Two core profiles (LH43 and 403A) exhibited a general decline in 
abundance with depth. Core 209C showed no observable trends, 
however, values could be consistent with the top 3 cm of the Lake Ontario 
403A core over the same 15-year period.  
• Microplastics have been accumulating in offshore sediment of Lake Huron 
for ~75 years, and Lake Ontario for ~80 years, and at the Niagara Bar for 
~15 years.  
• Dated sediment and microplastic abundances are consistent with plastic 
production trends from the early 1950s to late 1970s, and from the late 
1980s to 2014.  
5.6 Future Research Needs 
In order to elucidate potential sources and transport pathways influencing the 
accumulation and dispersal of microplastics in Lake Huron, further work is 
required across all environmental matrices. Future research recommendations 
include:  
1) Examining sediment and water in tributaries (and river plumes) discharging 
into various waterbodies of Lake Huron such as the St. Mary’s River (North 
Channel), Saugeen River (Main Basin), Saginaw River (Saginaw Bay), and the 
Nottawasaga River (Georgian Bay),  
2) Assessing the vertical transport of microplastics in the water column, to better 
understand particle partitioning within the surface/subsurface water and 




3) A detailed survey of Georgian Bay and the North Channel, including both 
nearshore and offshore samples to better understand urban sources closer to the 
shoreline,  
4) Examining the ingestion/uptake from aquatic organisms, particularly benthic 
organisms, as profundal zones in Lake Huron are significant sinks for 
microplastic pollution,  
5) Studying the Trent-Severn waterway connecting Lake Ontario to Georgian 
Bay. Identifying particles in sediment samples consistent to those found in Lake 
Huron and Lake Ontario studies could ascertain the waterway as a transport 
pathway of microplastics between the two lakes.  
Lastly, more comprehensive analyses should be undertaken in offshore benthic 
sediment of all Great Lakes to enable future lake-wide comparisons.   
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Appendix A: Sediment sampling locations with coordinates and final 
weights. Seven sampling duplicates are indicated as “D”. 
 
  
Location Sample Station  Date Sediment Sample Type Depth (cm) Weight (g) Weight (kg)
Lake Huron LH43 September 2017  Surface/Subsurface Core 0-1 45° 00' 48'' 82° 00' 30" 0.4827 0.0004827
Lake Huron LH43 September 2017  Surface/Subsurface Core 1-2 45° 00' 48'' 82° 00' 30" 0.4315 0.0004315
Lake Huron LH43 September 2017  Surface/Subsurface Core 2-3 45° 00' 48'' 82° 00' 30" 0.3771 0.0003771
Lake Huron LH43 September 2017  Surface/Subsurface Core 3-4 45° 00' 48'' 82° 00' 30" 0.4826 0.0004826
Lake Huron LH43 September 2017  Surface/Subsurface Core 4-5 45° 00' 48'' 82° 00' 30" 0.6795 0.0006795
Lake Huron LH43 September 2017  Surface/Subsurface Core 5-6 45° 00' 48'' 82° 00' 30" 0.2233 0.0002233
Lake Huron LH43 September 2017  Surface/Subsurface Core 6-7 45° 00' 48'' 82° 00' 30" 0.2056 0.0002056
Lake Huron LH43 September 2017  Surface/Subsurface Core 7-8 45° 00' 48'' 82° 00' 30" 0.3233 0.0003233
Lake Huron LH43 September 2017  Surface/Subsurface Core 8-9 45° 00' 48'' 82° 00' 30" 0.182 0.000182
Lake Huron LH43 September 2017  Surface/Subsurface Core 9-10 45° 00' 48'' 82° 00' 30" 0.0387 0.0000387
Lake Huron LH43 September 2017  Surface/Subsurface Core 10-11 45° 00' 48'' 82° 00' 30" 0.1574 0.0001574
Lake Huron LH43 September 2017  Surface/Subsurface Core 11-12 45° 00' 48'' 82° 00' 30" 0.2071 0.0002071
Lake Huron LH43 September 2017  Surface/Subsurface Core 12-13 45° 00' 48'' 82° 00' 30" 0.2703 0.0002703
Lake Huron LH43 September 2017  Surface/Subsurface Core 13-14 45° 00' 48'' 82° 00' 30" 0.812 0.000812
Lake Huron LH43 September 2017  Surface/Subsurface Core 14-15 45° 00' 48'' 82° 00' 30" 0.6068 0.0006068
Lake Huron LH8 September 2017 Surface Core 0-3 43° 34' 00" 82° 29' 06" 32.9754 0.0329754
Lake Huron LH8D September 2017 Surface Core 0-3 43° 34' 00" 82° 29' 06" 77.0252 0.0770252
Lake Huron LH9 September 2017 Surface Core 0-3 43° 38' 00" 82° 13' 00" 3.5103 0.0035103
Lake Huron LH12 September 2017 Surface Core 0-3 43° 53' 24" 82° 03' 24" 0.5271 0.0005271
Lake Huron LH20 September 2017 Surface Core 0-3 44° 13' 00" 83° 05' 00" 10.3936 0.0103936
Lake Huron LH23 September 2017 Surface Core 0-3 44° 20' 00" 83° 18' 00" 88.9125 0.0889125
Lake Huron LH27 September 2017 Surface Core 0-3 44° 11' 54" 82° 30' 12" 38.6017 0.0386017
Lake Huron LH29 September 2017 Surface Core 0-3 44° 22' 00" 81° 50' 00" 17.9364 0.0179364
Lake Huron LH30 September 2017 Surface Core 0-3 44° 28' 00" 81° 27' 12" 56.686 0.056686
Lake Huron LH32 September 2017 Surface Core 0-3 44° 27' 12" 82° 20' 30" 0.8457 0.0008457
Lake Huron LH33 September 2017 Surface Core 0-3 44° 30' 00" 82° 50' 00" 21.506 0.021506
Lake Huron LH36 September 2017 Surface Core 0-3 45° 02' 24" 83° 22' 42" 13.742 0.013742
Lake Huron LH38 September 2017 Surface Core 0-3 44° 44' 24" 82° 03' 26" 1.5219 0.0015219
Lake Huron LH42 September 2017 Surface Core 0-3 45° 13' 18" 81° 49' 12" 0.9531 0.0009531
Lake Huron LH43 September 2017 Surface Core 0-3 45° 00' 48'' 82° 00' 30" 0.0646 0.0000646
Lake Huron LH44 September 2017 Surface Core 0-3 45° 01' 00" 82° 41' 06" 0.2044 0.0002044
Lake Huron LH44D September 2017 Surface Core 0-3 45° 01' 00" 82° 41' 06" 11.389 0.011389
Lake Huron LH48 September 2017 Surface Core 0-3 45° 16' 42" 82° 27' 06" 0.8086 0.0008086
Lake Huron LH50 September 2017 Surface Core 0-3 45° 32' 06" 82° 02' 06" 46.3031 0.0463031
Lake Huron LH52 September 2017 Surface Core 0-3 45° 39' 06 82° 38' 54" 36.7194 0.0367194
Lake Huron LH54 September 2017 Surface Core 0-3 45° 31' 00" 83° 25' 00" 2.6679 0.0026679
Lake Huron LH56 September 2017 Surface Core 0-3 45° 31' 00" 84° 05' 00" 10.2778 0.0102778
Lake Huron LH58 September 2017 Surface Core 0-3 45° 52' 00" 83° 16' 00" 81.8439 0.0818439
Lake Huron LH61 September 2017 Surface Core 0-3 45° 45' 00" 83° 55' 00" 1.0524 0.0010524
Lake Huron LH62 September 2017 Surface Core 0-3 45° 40' 30" 84° 11' 12" 3.8914 0.0038914
Lake Huron LH63 September 2017 Surface Core 0-3 45° 42' 12" 84° 30' 42" 22.5471 0.0225471
Lake Huron LH65 September 2017 Surface Core 0-3 45° 50' 42" 84° 34' 00" 11.1078 0.0111078
Lake Huron LH66 September 2017 Surface Core 0-3 45° 51' 48" 84° 17' 42" 0.4858 0.0004858
Lake Huron LH67 September 2017 Surface Core 0-3 45° 56' 06" 83° 54' 00" 27.0394 0.0270394
Lake Huron LH68 September 2017 Surface Core 0-3 46° 02' 30" 83° 51' 12" 3.2245 0.0032245
Lake Huron LH69 September 2017 Surface Core 0-3 46° 04' 42" 84° 01' 42" 0.2145 0.0002145
Lake Huron LH70 September 2017 Surface Core 0-3 46° 08' 12" 83° 40' 18" 1.5618 0.0015618
Lake Huron LH71 September 2017 Surface Core 0-3 46° 14' 00" 83° 44' 48" 0.042 0.000042
Lake Huron LH73 September 2017 Surface Core 0-3 46° 11' 12" 83° 21' 18" 44.3576 0.0443576
Lake Huron LH73D September 2017 Surface Core 0-3 46° 11' 12" 83° 21' 18" 38.7033 0.0387033
Lake Huron LH76 September 2017 Surface Core 0-3 46° 00' 00" 83° 26' 00" 0.1595 0.0001595
Lake Huron LH77 September 2017 Surface Core 0-3 45° 58' 12" 83° 11' 54" 3.5101 0.0035101
Lake Huron LH79 September 2017 Surface Core 0-3 46° 07' 24" 82° 53' 09" 4.1437 0.0041437
Lake Huron LH82 September 2017 Surface Core 0-3 45° 56' 12" 82° 45' 30" 1.6206 0.0016206
Lake Huron LH82D September 2017 Surface Core 0-3 45° 56' 12" 82° 45' 30" 22.1018 0.0221018
Lake Huron LH83 September 2017 Surface Core 0-3 46° 00' 00" 82° 33' 00" 0.4435 0.0004435
Lake Huron LH84 September 2017 Surface Core 0-3 46° 05' 30" 82° 33' 24" 0.6529 0.0006529
Lake Huron LH87 September 2017 Surface Core 0-3 46° 03' 40" 82° 11' 50" 0.6529 0.0006529
Lake Huron LH88 September 2017 Surface Core 0-3 46° 03' 20" 82° 00' 00" 0.3246 0.0003246
Lake Huron LH89 September 2017 Surface Core 0-3 45° 55' 00" 82° 09' 40" 0.254 0.000254
Lake Huron LH95 September 2017 Surface Core 0-3 44° 12' 45" 83° 22' 15" 27.9125 0.0279125
Lake Huron LH96 September 2017 Surface Core 0-3 44° 07' 35" 83° 10' 15" 61.3717 0.0613717
Lake Huron LH97 September 2017 Surface Core 0-3 44° 06' 55" 83° 31' 45" 41.2516 0.0412516
Lake Huron LH98 September 2017 Surface Core 0-3 43° 58' 35" 83° 34' 32" 26.1075 0.0261075
Lake Huron LH99 September 2017 Surface Core 0-3 43° 54' 30" 83° 44' 30" 2.974 0.002974











Georgian Bay GB1 September 2017 Surface Core 0-3 44° 43' 03" 80° 51' 24" 2.6354 0.0026354
Georgian Bay GB3 September 2017 Surface Core 0-3 44° 43' 30" 80° 37' 00" 44.7685 0.0447685
Georgian Bay GB4 September 2017 Surface Core 0-3 44° 38' 45" 80° 10' 00" 1.2934 0.0012934
Georgian Bay GB5 September 2017 Surface Core 0-3 44° 47' 48" 80° 14' 36" 3.347 0.003347
Georgian Bay GB5D September 2017 Surface Core 0-3 44° 47' 48" 80° 14' 36" 14.5676 0.0145676
Georgian Bay GB6 September 2017 Surface Core 0-3 44° 44' 12" 80° 26' 06" 0.2339 0.0002339
Georgian Bay GB8 September 2017 Surface Core 0-3 44° 57' 10" 80° 08' 56" 40.2276 0.0402276
Georgian Bay GB9 September 2017 Surface Core 0-3 44° 52' 18" 79° 58' 05" 3.883 0.003883
Georgian Bay GB11 September 2017 Surface Core 0-3 44° 55' 15" 80° 36' 21" 37.251 0.037251
Georgian Bay GB12 September 2017 Surface Core 0-3 44° 55' 12'' 80° 52' 30" 1.6648 0.0016648
Georgian Bay GB15 September 2017 Surface Core 0-3 45° 10' 00" 80° 17' 48" 13.1635 0.0131635
Georgian Bay GB17 September 2017 Surface Core 0-3 45° 14' 42" 80° 52' 30" 0.5027 0.0005027
Georgian Bay GB19 September 2017 Surface Core 0-3 45° 04' 00" 81° 15' 14" 7.9603 0.0079603
Georgian Bay GB19D September 2017 Surface Core 0-3 45° 04' 00" 81° 15' 14" 31.8311 0.0318311
Georgian Bay GB21 September 2017 Surface Core 0-3 45° 21' 54" 81° 11' 24" 0.1253 0.0001253
Georgian Bay GB24 September 2017 Surface Core 0-3 45° 40' 44" 80° 50' 20" 0.7804 0.0007804
Georgian Bay GB29 September 2017 Surface Core 0-3 45° 35' 00" 81° 05' 00" 5.2382 0.0052382
Georgian Bay GB29D September 2017 Surface Core 0-3 45° 35' 00" 81° 05' 00" 18.5704 0.0185704
Georgian Bay GB31 September 2017 Surface Core 0-3 45° 14' 18" 81° 26' 24" 12.4163 0.0124163
Georgian Bay GB33 September 2017 Surface Core 0-3 45° 22' 13" 81° 35' 06" 15.5746 0.0155746
Georgian Bay GB35 September 2017 Surface Core 0-3 45° 31' 39" 81° 40' 10" 19.0219 0.0190219
Georgian Bay GB36 September 2017 Surface Core 0-3 45° 42' 30" 81° 37' 12" 28.4588 0.0284588
Georgian Bay GB39 September 2017 Surface Core 0-3 45° 52' 24" 81° 15' 30" 78.1069 0.0781069
Georgian Bay GB42 September 2017 Surface Core 0-3 45° 54' 46" 81° 35' 42" 1.5779 0.0015779
Georgian Bay GB46 September 2017 Surface Core 0-3 45° 45' 42" 81° 47' 41" 3.5192 0.0035192
Georgian Bay GB122 September 2017 Surface Core 0-3 45° 19' 30" 80° 07' 00" 1.0952 0.0010952
Lake Huron GL151341 October 2015 Surface Grab 0-3 43° 44' 56.8" 81° 44' 16.2" 83.396 0.083396
Lake Huron GL151343 October 2015 Surface Grab 0-3 44° 30' 51.0" 81° 22' 57.1" 94.0879 0.0940879
Georgian Bay GL151344 October 2015 Surface Grab 0-3 44° 36' 11.1" 80° 55' 37.9" 47.8348 0.0478348
Georgian Bay GL151345 October 2015 Surface Grab 0-3 45° 20' 12.7" 80° 16' 53.9" 3.6974 0.0036974
Georgian Bay GL151346 October 2015 Surface Grab 0-3 45° 20' 10.6" 80° 03' 37.8" 6.6823 0.0066823
Georgian Bay GL151347 October 2015 Surface Grab 0-3 44° 47' 20.3" 79° 51' 01.3" 4.1878 0.0041878
Georgian Bay GL151348 October 2015 Surface Grab 0-3 44° 36' 10.9" 80° 04' 15.9" 106.1548 0.1061548
Lake Ontario 403A April 2017  Surface/Subsurface Core 0-1 43° 35' 12'' 78° 14' 10'' 0.061 0.000061
Lake Ontario 403A April 2017  Surface/Subsurface Core 1-2 43° 35' 12'' 78° 14' 10'' 0.108 0.000108
Lake Ontario 403A April 2017  Surface/Subsurface Core 2-3 43° 35' 12'' 78° 14' 10'' 0.043 0.000043
Lake Ontario 403A April 2017  Surface/Subsurface Core 3-4 43° 35' 12'' 78° 14' 10'' 0.299 0.000299
Lake Ontario 403A April 2017  Surface/Subsurface Core 4-5 43° 35' 12'' 78° 14' 10'' 0.107 0.000107
Lake Ontario 403A April 2017  Surface/Subsurface Core 5-6 43° 35' 12'' 78° 14' 10'' 0.504 0.000504
Lake Ontario 403A April 2017  Surface/Subsurface Core 6-7 43° 35' 12'' 78° 14' 10'' 0.144 0.000144
Lake Ontario 403A April 2017  Surface/Subsurface Core 7-8 43° 35' 12'' 78° 14' 10'' 0.028 0.000028
Lake Ontario 403A April 2017  Surface/Subsurface Core 8-9 43° 35' 12'' 78° 14' 10'' 0.052 0.000052
Lake Ontario 403A April 2017  Surface/Subsurface Core 9-10 43° 35' 12'' 78° 14' 10'' 0.044 0.000044
Lake Ontario 403A April 2017  Surface/Subsurface Core 10-11 43° 35' 12'' 78° 14' 10'' 0.057 0.000057
Lake Ontario 403A April 2017  Surface/Subsurface Core 11-12 43° 35' 12'' 78° 14' 10'' 0.173 0.000173
Lake Ontario 403A April 2017  Surface/Subsurface Core 12-13 43° 35' 12'' 78° 14' 10'' 0.122 0.000122
Lake Ontario 403A April 2017  Surface/Subsurface Core 13-14 43° 35' 12'' 78° 14' 10'' 0.108 0.000108
Lake Ontario 403A April 2017  Surface/Subsurface Core 14-15 43° 35' 12'' 78° 14' 10'' 0.13 0.00013
Lake Ontario 403A April 2017 Core- Pre-Industrial 25-27 43° 35' 12'' 78° 14' 10'' 0.179 0.000179
Lake Ontario 403A April 2017 Core- Pre-Industrial 27-29 43° 35' 12'' 78° 14' 10'' 0.119 0.000119
Lake Ontario 403A April 2017 Core- Pre-Industrial 29-31 43° 35' 12'' 78° 14' 10'' 0.197 0.000197
Lake Ontario 209C April 2017  Surface/Subsurface Core 0-1 43° 20' 14'' 79° 02' 10'' 0.525 0.000525
Lake Ontario 209C April 2017  Surface/Subsurface Core 1-2 43° 20' 14'' 79° 02' 10'' 1.062 0.001062
Lake Ontario 209C April 2017  Surface/Subsurface Core 2-3 43° 20' 14'' 79° 02' 10'' 0.443 0.000443
Lake Ontario 209C April 2017  Surface/Subsurface Core 3-4 43° 20' 14'' 79° 02' 10'' 1.013 0.001013
Lake Ontario 209C April 2017  Surface/Subsurface Core 4-5 43° 20' 14'' 79° 02' 10'' 0.956 0.000956
Lake Ontario 209C April 2017  Surface/Subsurface Core 5-6 43° 20' 14'' 79° 02' 10'' 0.961 0.000961
Lake Ontario 209C April 2017  Surface/Subsurface Core 6-7 43° 20' 14'' 79° 02' 10'' 0.629 0.000629
Lake Ontario 209C April 2017  Surface/Subsurface Core 7-8 43° 20' 14'' 79° 02' 10'' 0.873 0.000873
Lake Ontario 209C April 2017  Surface/Subsurface Core 8-9 43° 20' 14'' 79° 02' 10'' 0.46 0.00046
Lake Ontario 209C April 2017  Surface/Subsurface Core 9-10 43° 20' 14'' 79° 02' 10'' 0.389 0.000389
Lake Ontario 209C April 2017  Surface/Subsurface Core 10-11 43° 20' 14'' 79° 02' 10'' 0.56 0.00056
Lake Ontario 209C April 2017  Surface/Subsurface Core 11-12 43° 20' 14'' 79° 02' 10'' 0.229 0.000229
Lake Ontario 209C April 2017  Surface/Subsurface Core 12-13 43° 20' 14'' 79° 02' 10'' 0.446 0.000446
Lake Ontario 209C April 2017  Surface/Subsurface Core 13-14 43° 20' 14'' 79° 02' 10'' 0.393 0.000393




Appendix B: Quantification of microplastics in chapters 3, 4 and 5.  
Date of sampling locations, microplastic counts, proportions (%) and abundance 
(p kg-1 dw) for Chapter 3.  
 
ID Sample Site Latitude Longitude 
Total 










Abundance              
(p kg-1 dw)
1 GB1 44.7175 -80.8566667 103 90 10 3 0 0.87 0.10 0.03 0.00 39125
2 GB11 44.92083333 -80.6058333 9 5 4 0 0 0.56 0.44 0.00 0.00 248
3 GB12 44.92 -80.875 42 34 8 0 0 0.81 0.19 0.00 0.00 25390
4 GB122 45.325 -80.1166667 2 1 1 0 0 0.50 0.50 0.00 0.00 1780
5 GB15 45.16666667 -80.2966667 26 12 11 3 0 0.46 0.42 0.12 0.00 1983
6 GB17 45.245 -80.875 35 24 9 2 0 0.69 0.26 0.06 0.00 68789
7 GB19 45.06666667 -81.2538889 26 23 2 1 0 0.88 0.08 0.04 0.00 3232
8 GB21 45.365 -81.19 18 15 3 0 0 0.83 0.17 0.00 0.00 143655
9 GB24 45.67888889 -80.8388889 18 14 2 2 0 0.78 0.11 0.11 0.00 22604
10 GB29 45.58333333 -81.0833333 19 16 2 1 0 0.84 0.11 0.05 0.00 123
11 GB3 44.725 -80.6166667 49 35 14 0 0 0.71 0.29 0.00 0.00 1095
12 GB31 45.23833333 -81.44 8 7 1 0 0 0.88 0.13 0.00 0.00 656
13 GB33 45.37027778 -81.585 8 4 1 3 0 0.50 0.13 0.38 0.00 539
14 GB35 45.5275 -81.6694444 20 17 3 0 0 0.85 0.15 0.00 0.00 1067
15 GB36 45.70833333 -81.62 6 3 3 0 0 0.50 0.50 0.00 0.00 206
16 GB39 45.87333333 -81.2583333 10 5 5 0 0 0.50 0.50 0.00 0.00 130
17 GB4 44.64583333 -80.1666667 37 31 5 1 0 0.84 0.14 0.03 0.00 28290
18 GB42 45.91277778 -81.595 5 3 2 0 0 0.60 0.40 0.00 0.00 3042
19 GB46 45.76166667 -81.7947222 9 7 1 1 0 0.78 0.11 0.11 0.00 2671
20 GB5 44.79666667 -80.2433333 44 33 11 0 0 0.75 0.25 0.00 0.00 13164
21 GB6 44.73666667 -80.435 52 29 23 0 0 0.56 0.44 0.00 0.00 221163
22 GB8 44.95277778 -80.1488889 28 14 13 1 0 0.50 0.46 0.04 0.00 695
23 GB9 44.87166667 -79.9680556 20 13 7 0 0 0.65 0.35 0.00 0.00 5053
24 GL151341 43.74911111 -81.7378333 17 1 14 2 0 0.06 0.82 0.12 0.00 202
25 GL151343 44.51416667 -81.3825278 6 4 2 0 0 0.67 0.33 0.00 0.00 59
26 GL151344 44.60308333 -80.9271944 18 1 17 0 0 0.06 0.94 0.00 0.00 385
27 GL151345 45.33686111 -80.2816389 13 2 11 0 0 0.15 0.85 0.00 0.00 3592
28 GL151346 45.33627778 -80.0605 37 3 30 4 0 0.08 0.81 0.11 0.00 5530
29 GL151347 44.78897222 -79.8503611 19 4 13 1 1 0.21 0.68 0.05 0.05 4425
30 GL151348 44.60302778 -80.0710833 32 23 9 0 0 0.72 0.28 0.00 0.00 302
31 LH100 43.825 -83.8172222 25 10 15 0 0 0.40 0.60 0.00 0.00 7466
32 LH12 43.89 -82.0566667 11 10 1 0 0 0.91 0.09 0.00 0.00 20110
33 LH20 44.21666667 -83.0833333 11 5 5 1 0 0.45 0.45 0.09 0.00 1028
34 LH23 44.33333333 -83.3 29 19 10 0 0 0.66 0.34 0.00 0.00 328
35 LH27 44.19833333 -82.5033333 39 13 23 3 0 0.33 0.59 0.08 0.00 1000
36 LH29 44.36666667 -81.8333333 13 11 2 0 0 0.85 0.15 0.00 0.00 715
37 LH30 44.46666667 -81.4533333 18 12 6 0 0 0.67 0.33 0.00 0.00 325
38 LH32 44.45333333 -82.3416667 8 8 0 0 0 1.00 0.00 0.00 0.00 9980
39 LH33 44.5 -82.8333333 5 4 1 0 0 0.80 0.20 0.00 0.00 210
40 LH36 45.04 -83.3783333 33 11 21 1 0 0.33 0.64 0.03 0.00 2410
41 LH38 44.74 -82.0572222 15 12 3 0 0 0.80 0.20 0.00 0.00 9869
42 LH42 45.22166667 -81.82 14 6 9 0 0 0.43 0.64 0.00 0.00 15214
43 LH43 45.01333333 -82.0083333 15 12 2 1 0 0.80 0.13 0.07 0.00 236687
44 LH44 45.01666667 -82.685 7 5 1 1 0 0.71 0.14 0.14 0.00 34198
45 LH50 45.535 -82.035 10 7 3 0 0 0.70 0.30 0.00 0.00 213
46 LH52 45.65166667 -82.6483333 24 8 15 1 0 0.33 0.63 0.04 0.00 665
47 LH54 45.51666667 -83.4166667 23 7 16 0 0 0.30 0.70 0.00 0.00 8535
48 LH56 45.51666667 -84.0833333 19 13 6 0 0 0.68 0.32 0.00 0.00 1867
49 LH58 45.86666667 -83.2666667 7 5 2 0 0 0.71 0.29 0.00 0.00 81
50 LH61 45.75 -83.9166667 27 25 2 0 0 0.93 0.07 0.00 0.00 25608
51 LH62 45.675 -84.1866667 14 8 6 0 0 0.57 0.43 0.00 0.00 3544
52 LH63 45.70333333 -84.5116667 35 11 24 0 0 0.31 0.69 0.00 0.00 1539
53 LH65 45.845 -84.5666667 19 8 11 0 0 0.42 0.58 0.00 0.00 1718
54 LH66 45.86333333 -84.295 17 11 6 0 0 0.65 0.35 0.00 0.00 34232
55 LH67 45.935 -83.9 27 9 15 0 3 0.33 0.56 0.00 0.11 985
56 LH68 46.04166667 -83.8533333 24 14 10 0 0 0.58 0.42 0.00 0.00 7499
57 LH69 46.07833333 -84.0283333 16 8 6 2 0 0.50 0.38 0.13 0.00 73193
58 LH70 46.13666667 -83.6716667 10 5 5 0 0 0.50 0.50 0.00 0.00 6192
59 LH71 46.23333333 -83.7466667 14 10 4 0 0 0.71 0.29 0.00 0.00 335714
60 LH73 46.18666667 -83.355 60 54 6 0 0 0.90 0.10 0.00 0.00 1343
61 LH76 46 -83.4333333 7 3 4 0 0 0.43 0.57 0.00 0.00 43072
62 LH77 45.97 -83.1983333 14 13 1 0 0 0.93 0.07 0.00 0.00 3875
63 LH79 46.12333333 -82.8858333 6 3 3 0 0 0.50 0.50 0.00 0.00 1484
64 LH8 43.56666667 -82.485 32 16 10 1 5 0.50 0.31 0.03 0.16 970
65 LH82 45.93666667 -82.7583333 14 8 4 2 0 0.57 0.29 0.14 0.00 8509
66 LH83 46 -82.55 8 7 1 0 0 0.88 0.13 0.00 0.00 18602
67 LH84 46.09166667 -82.5566667 16 11 5 0 0 0.69 0.31 0.00 0.00 23832
68 LH87 46.06111111 -82.1972222 4 1 3 0 0 0.25 0.75 0.00 0.00 6188
69 LH88 46.05555556 -82 10 5 5 0 0 0.50 0.50 0.00 0.00 31731
70 LH89 45.91666667 -82.1611111 14 10 3 1 0 0.71 0.21 0.07 0.00 54488
71 LH9 43.63333333 -82.2166667 10 5 5 0 0 0.50 0.50 0.00 0.00 2712
72 LH95 44.2125 -83.3708333 29 11 18 0 0 0.38 0.62 0.00 0.00 1046
73 LH96 44.12638889 -83.1708333 19 9 10 0 0 0.47 0.53 0.00 0.00 316
74 LH97 44.11527778 -83.5291667 3 3 0 0 0 1.00 0.00 0.00 0.00 73
75 LH98 43.97638889 -83.5755556 18 13 5 0 0 0.72 0.28 0.00 0.00 690




Continuation of data including sampling site, microplastic abundance (p kg-1 dw), 
location types, distance from shoreline, water depth, population per watershed 



























1 GB1 39125 Georgian Bay Georgian Bay 3.27 3270 85 45576 0-50000 Mud
2 GB11 248 Georgian Bay Georgian Bay 28.02 28020 60 NA NA Clay
3 GB12 25390 Georgian Bay Georgian Bay 11.41 11410 80 64162 50000-100000 Mud
4 GB122 1780 Georgian Bay Georgian Bay 1.32 1320 94 25871 0-50000 Mud
5 GB15 1983 Georgian Bay Georgian Bay 12.88 12880 40 93346 50000-100000 Clay
6 GB17 68789 Georgian Bay Georgian Bay 34.97 34970 76 NA NA Clay
7 GB19 3232 Georgian Bay Georgian Bay 1 1000 51 18586 0-50000 Mud
8 GB21 143655 Georgian Bay Georgian Bay 15.62 15620 88 NA NA Mud
9 GB24 22604 Georgian Bay Georgian Bay 15.62 15620 40 25871 0-50000 Clay
10 GB29 123 Georgian Bay Georgian Bay 37.02 37020 45 NA NA Mud
11 GB3 1095 Georgian Bay Georgian Bay 1.82 1820 32 45576 0-50000 Hard
12 GB31 656 Georgian Bay Georgian Bay 0.73 730 58 18586 0-50000 Mud
13 GB33 539 Georgian Bay Georgian Bay 12.68 12680 52 31439 0-50000 Mud
14 GB35 1067 Georgian Bay Georgian Bay 4.54 4540 37 12853 0-50000 Mud
15 GB36 206 Georgian Bay Georgian Bay 4.6 4600 55 12853 0-50000 Mud
16 GB39 130 Georgian Bay Georgian Bay 8.57 8570 24 164460 150000-200000 Hard
17 GB4 28290 Georgian Bay Georgian Bay 14.35 14350 55 245477 200000-250000 Mud
18 GB42 3042 Georgian Bay Georgian Bay 5 5000 23 456638 300000+ Hard
19 GB46 2671 Georgian Bay Georgian Bay 1.61 1610 16 12853 0-50000 Hard
20 GB5 13164 Georgian Bay Georgian Bay 2.35 2350 52 245477 200000-250000 Clay
21 GB6 221163 Georgian Bay Georgian Bay 16.57 16570 85 45576 0-50000 Mud
22 GB8 695 Georgian Bay Georgian Bay 15.36 15360 50 67475 50000-100000 Hard
23 GB9 5053 Georgian Bay Georgian Bay 0.92 920 29 1074887 300000+ Sand
24 GL151341 202 Lake Huron Lake Huron 0.86 863.26 7 47188 0-50000 Sand
25 GL151343 59 Lake Huron Lake Huron 1.33 1326 15 66225 50000-100000 Sand
26 GL151344 385 Georgian Bay Georgian Bay 0.5 505 20 45576 0-50000 Hard
27 GL151345 3592 Georgian Bay Georgian Bay 1.78 1784 18 25871 0-50000 Hard
28 GL151346 5530 Georgian Bay Georgian Bay 0.14 136 10 25871 0-50000 Mud
29 GL151347 4425 Georgian Bay Georgian Bay 1.25 1248 15 1007412 300000+ Hard
30 GL151348 302 Georgian Bay Georgian Bay 4.93 4933 30 245477 200000-250000 Hard
31 LH100 7466 Lake Huron Lake Huron 8.36 8360 7 254799 250000-300000 Mud
32 LH12 20110 Lake Huron Lake Huron 26.94 26940 88 17516 0-50000 Mud
33 LH20 1028 Lake Huron Lake Huron 19.56 19560 25 85285 50000-100000 Sand
34 LH23 328 Lake Huron Lake Huron 2.77 2770 9 100540 100000-150000 Sand
35 LH27 1000 Lake Huron Lake Huron 30.62 30620 55 NA NA Hard
36 LH29 715 Lake Huron Lake Huron 22.26 22260 125 17516 0-50000 Clay
37 LH30 325 Lake Huron Lake Huron 3.9 3900 20 66225 50000-100000 Hard
38 LH32 9980 Lake Huron Lake Huron 78.12 78120 80 NA NA Mud
39 LH33 210 Lake Huron Lake Huron 38.49 38490 70 NA NA Mud
40 LH36 2410 Lake Huron Lake Huron 2.01 2010 9 32091 0-50000 Hard
41 LH38 9869 Lake Huron Lake Huron 57.82 57820 140 NA NA Mud
42 LH42 15214 Lake Huron Lake Huron 7.38 7380 43 18586 0-50000 Mud
43 LH43 236687 Lake Huron Lake Huron 39.91 39906 170 NA NA Mud
44 LH44 34198 Lake Huron Lake Huron 45.42 45420 165 NA NA Mud
45 LH50 213 Lake Huron Lake Huron 2.36 2360 25 12853 0-50000 Hard
46 LH52 665 Lake Huron Lake Huron 11.49 11490 65 12853 0-50000 Clay
47 LH54 8535 Lake Huron Lake Huron 20.26 20260 130 32091 0-50000 Clay
48 LH56 1867 Lake Huron Lake Huron 2.34 2340 20 32091 0-50000 Sand
49 LH58 81 Lake Huron Lake Huron 3.75 3750 15 12853 0-50000 Hard
50 LH61 25608 Lake Huron Lake Huron 22.21 22210 115 NA NA Mud
51 LH62 3544 Lake Huron Lake Huron 5.02 5020 45 32091 0-50000 Mud
52 LH63 1539 Lake Huron Lake Huron 2.23 2230 15 219243 200000-250000 Sand
53 LH65 1718 Lake Huron Lake Huron 3.09 3090 55 230598 200000-250000 Clay
54 LH66 34232 Lake Huron Lake Huron 10 10000 65 230598 200000-250000 Mud
55 LH67 985 Lake Huron Lake Huron 2.65 2650 30 214504 200000-250000 Hard
56 LH68 7499 Lake Huron North Channel 2 2000 15 214504 200000-250000 Hard
57 LH69 73193 Lake Huron North Channel 1.38 1380 12 208512 200000-250000 Hard
58 LH70 6192 Lake Huron North Channel 3.98 3980 21 216342 200000-250000 Hard
59 LH71 335714 Lake Huron North Channel 2.61 2610 35 210350 200000-250000 Mud
60 LH73 1343 Lake Huron North Channel 3.95 3950 15 1752 0-50000 Hard
61 LH76 43072 Lake Huron Lake Huron 2.58 2580 57 NA NA Mud
62 LH77 3875 Lake Huron Lake Huron 1.8 1800 76 12853 0-50000 Mud
63 LH79 1484 Lake Huron North Channel 5.77 5770 27 28543 0-50000 Hard
64 LH8 970 Lake Huron Lake Huron 8.81 8810 29 25506 0-50000 Sand
65 LH82 8509 Lake Huron North Channel 6.32 6320 27 12853 0-50000 Hard
66 LH83 18602 Lake Huron North Channel 5.91 5910 30 28543 0-50000 Mud
67 LH84 23832 Lake Huron North Channel 7.53 7530 39 28543 0-50000 Mud
68 LH87 6188 Lake Huron North Channel 6.21 6210 40 23441 0-50000 Mud
69 LH88 31731 Lake Huron North Channel 5.05 5050 35 23441 0-50000 Mud
70 LH89 54488 Lake Huron North Channel 3.56 3560 40 23441 0-50000 Mud
71 LH9 2712 Lake Huron Lake Huron 30.45 30450 58 25506 0-50000 Clay
72 LH95 1046 Lake Huron Lake Huron 7.57 7570 20 85285 50000-100000 Sand
73 LH96 316 Lake Huron Lake Huron 15.18 15180 30 85285 50000-100000 Sand
74 LH97 73 Lake Huron Lake Huron 2.99 2990 11 85285 50000-100000 Hard 
75 LH98 690 Lake Huron Lake Huron 8.27 8270 12 85285 50000-100000 Mud




Microplastic abundances (p kg-1 dw) and particle counts (N) by depth (0-15 cm) 











 MP Abundance 
(kg-1 dw) 
0-1 35 29 6 72509
1-2 39 30 9 90382
2-3 25 22 3 66295
3-4 33 27 6 68380
4-5 19 15 3 1 27962
5-6 27 26 1 120914
6-7 36 32 3 1 175097
7-8 54 35 18 1 167028
8-9 51 34 17 280066
9-10 25 16 9 180245
10-11 27 18 9 171537
11-12 21 14 7 101400
12-13 22 20 2 81391
13-14 14 11 3 17241
14-15 11 9 2 18128
0-1 21 7 14 344262
1-2 12 8 4 111111
2-3 21 3 18 488372
3-4 8 2 4 2 26756
4-5 13 4 9 121495
5-6 10 1 9 19841
6-7 6 1 5 41667
7-8 8 2 6 285714
8-9 7 4 3 134615
9-10 6 4 2 136364
10-11 1 0 1 17544
11-12 2 0 2 11561
12-13 1 0 1 8197
13-14 2 0 2 18519
14-15 2 0 2 15385
0-1 9 3 5 1 17143
1-2 11 5 6 10358
2-3 15 5 10 33860
3-4 11 2 9 10859
4-5 15 3 12 15690
5-6 5 2 3 5203
6-7 18 3 15 28617
7-8 9 1 8 10309
8-9 14 0 14 30435
9-10 14 0 13 1 35990
10-11 5 0 5 8929
11-12 5 0 5 21834
12-13 0 0 0 0
13-14 0 0 0 0







Descriptions and characteristics of particles from the Lake Huron LH43 core.  
 
 




0-1 0.30 x 0.21 500-200 µm Orange/Red; Opaque Irregular/Angular; Rounded Edges Yes
0.14 x 0.09 200-100 µm Yellow and Pink; Opaque Irregular Polygon; Rhomboid No
0.07 x 0.05 100-53 µm Bright Blue; Opaque Irregular; Rounded No
0.12 x 0.08 200-100 µm Dark Blue; Opaque Irregular; Wispy No
0.11 x 0.10 200-100 µm Green; Opaque Irregular; Rounded Edges No
1-2 0.07 x 0.06 100-50 µm Bright Pink; Opaque Irregular Yes
0.61 x 0.23 1 mm-500 µm Light Pink; Opaque Oblong; Smooth/Matte No
0.17 x 0.08 200-100 µm Orange/Red; Opaque Angular; Glossy No
2-3 0.26 x 0.16 500-200 µm Light Blue; Transparent Irregular; Wispy Yes
0.21 x 0.15 500-200 µm Orange; Opaque Oblong; Contours; Matte No
3-4 0.28 x 0.17 500-200 µm Light Pink; Translucent/Transparent Irregular; Wispy No
0.21 x 0.08 500-200 µm Bright Orange; Opaque Irregular; Glossy Yes
0.07 x 0.03 100-50 µm Blue; Opaque Oblong; Rounded Edges No
0.12 x 0.09 200-100 µm Light Pink; Translucent Irregular; Wispy No
0.12 x 0.06 200-100 µm Blue and Black; Opaque Angular No 
0.14 x 0.08 200-100 µm Purple, Blue and Pink; Opaque Oblong; Rounded Edges; Colour Patches No
4-5 0.81 x 0.67 1 mm-500 µm Light Orange; Translucent Linear; Columnar; End Folded Inwards Yes
0.09 x 0.08 100-53 µm Blue/Grey; Opaque Angular; Matte No 
5-6 0.32 x 0.05 500-200 µm Pink; Opaque Linear No
6-7 0.09 x 0.08 100-53 µm Navy Blue; Opaque Irregular; Rounded Edges No
0.20 x 0.19 200-100 µm Celeste; Opaque Angular; Parollelogram; Wispy Edge; Matte Yes
7-8 0.08 x 0.03 100-53 µm Blue; Slightly Translucent Irregular Polygon; Rectangle No 
0.22 x 0.21 500-200 µm Colourless; Transparent Irregular Polygon; Parollelogram Yes
0.17 x 0.05 200-100 µm Dark Green; Slightly Translucent Irregular No 
0.09 x 0.05 100-53 µm Green and Yellow; Slightly Trranslucent Angular; Rounded Edges No 
0.11 x 0.07 200-100 µm Green; Slightly Translucent Irregular; Wispy No 
0.06 x 0.05 100-53 µm Orange and Pink; Slightly Translucent Irregular Oblong; Bulbous No
0.09 x 0.04 100-53 µm Orange, Pink and Yellow; Irregular/Angular; Rounded Edges No
0.08 x 0.04 100-53 µm Orange/Red; Opaque Irregular/Angular; Rounded Edges No
0.07 x 0.06 100-53 µm
Pink, Blue, Yellow and Orange; Slightly 
Translucent Irregular; Wispy Edge No
0.08 x 0.07 100-53 µm Dark Purple; Opaque Irregular Polygon; Kite No 
0.08 x 0.02 100-53 µm Light Pink; Slightly Translucent Oblong No
0.49 x 0.03 500-200 µm Light Green; Transparent Film; Linear; Angular No 
0.28 x 0.14 500-200 µm Light Pink; Translucent Irregular; Wispy Yes
8-9 0.33 x 0.23 500-200 µm
Multicoloured; Black, Pink, Green, Blue, 
Yellow and Orange; Opaque Angular; Stained Glass Appearance Yes
0.09 x 0.04 100-53 µm Pink; Transparent Rectangular No 
0.07 x 0.07 100-53 µm Dark Green; Slightly Translucent  Irregular: Rounded Edges No
0.13 x 0.06 200-100 µm Dark Orange; Opaque Irregular Oblong; Angular Edges Yes
0.06 x 0.05 100-53 µm Pink; Opaque Irregular; Matte; Mottled No 
0.11 x 0.04 200-100 µm Pink; Opaque Irregular; Matte; Mottled No
0.18 x 0.10 200-100 µm Pink; Opaque Irregular/ Angular; Matte; Mottled No 
0.09 x 0.06 100-53 µm Pink; Opaque Irregular; Matte; Mottled No 
0.19 x 0.11 200-100 µm Dark Red; Opaque Irregular/Angular No
0.07 x 0.05 100-53 µm Blue; Slightly Translucent Irregular/ Angular No
0.07 x 0.04 100-53 µm Blue; Translucent Angular; Scalene Triangle; Rounded Edges No
0.18 x  0.07 200-100 µm Pink; Translucent Irregular; Anchor Shape No
0.51 x 0.30 1 mm-500 µm Light Pink; Translucent/Transparent Irregular; Wispy Yes
9-10 0.10 x 0.10 200-100 µm Blue, Green and Pink; Slightly Translucent Irregular/ Angular; Stained Glass Appearance No
0.16 x 0.12 200-100 µm
Multicoloured: Blue, Green, Pink, Orange, 
Purple, Yellow; Slightly Translucent Angular; Patchy; Stained Glass Appearance No
0.10 x 0.04 200-100 µm Orange; Opaque
Angular; Irregular Scalene Triangle; Jagged 
Side No
0.21 x 0.10 500-200 µm Orange/Red; Opaque Angular; Irregular Scalene Triangle No 
0.10 x 0.07 200-100 µm Dark Purple; Opaque Irregular; Oblong; Wispy No 
0.32 x 0.11 500-200 µm Light Pink; Translucent Irregular; Wispy Edges No 
0.12 x 0.07 200-100 µm
Purple and Colourless; Colourless 
Translucent Border; Opaque Round Center
Oblong; Angular Edges; Cracking Lines 
Through Purple Center No
10-11 0.18 x 0.12 200-100 µm Black; Opaque Irregular No 
0.11 x 0.06 200-100 µm Blue and Purple; Opaque Irregular; Stained Glass Appearance No
0.08 x 0.06 100-53 µm Dark Green; Slightly Translucent Irregular Polygon; Rounded Edges No 
0.97 x 0.60 1 mm- 500 µm Pale Yellow; Opaque Angular; Scalene Triangle; Textured Surface Yes
0.08 x 0.05 100-53 µm Bright Pink; Slightly Opaque Irregular/ Angular; Rounded Edges No 
0.30 x 0.13 500-200 µm Pink; Opaque Irregular/Angular; Matte; Mottled No
0.27 x 0.17 500-200 µm Pink; Opaque Irregular/Angular; Matte; Mottled No 
0.17 x 0.05 200-100 µm
Purple and Colourless; Translucent and 
Opaque
Irregular/ Angular; Polygon Shaped Cracks 
and Lines No 
11-12 0.28 x 0.53 500-200 µm Black; Opaque Irregular/Angular; Glossy No
0.13 x 0.08 200-100 µm Yellow; Opaque Irregular No
0.18 x 0.10 200-100 µm Light Blue; Transparent Irregular; Wispy Yes
0.32 x 0.27 500-200 µm Dark Green; Slightly Translucent Irregular; Angular Edges; Patchy No
0.72 x 0.48 1 mm-500 µm White; Opaque
Irregular Scalene Triangle; Horizontal 
Seamless Lines Texture Yes
0.07 x 0.07 100-53 µm Purple; Slightly Translucent Irregular; Rounded Edges; Wispy-Cloud Like No
0.12 x 0.09 200-100 µm Celeste; Opaque Angular; Matte Yes
0.09 x 0.08 100-53 µm Yellow; Opaque Irregular; Ribbed No
12-13 0.13 x 0.12 200-100 µm Navy Blue; Opaque Angular No
0.09 x 0.04 100-53µm Blue; Translucent Irregular; Wispy Edges No 
13-14 0.19 x 0.16 200-100 µm Light Blue; Transparent Irregular; Wispy No
0.36 x 0.19 500-200 µm Light Blue; Transparent Irregular; Wispy No
0.24 x 0.10 500-200 µm Pink; Slightly Translucent Irregular Yes




Descriptions and characteristics of particles from the Lake Ontario 403A core. 
 






0-1 0.10 x 0.07 200-100 Red; Opaque Polygon; Rectangle; Wispy Edge Yes
0.08 x 0.07 100-53 Pink; Opaque Irregular; Matte; Mottled No
0.30 x 0.10 500-200 Pink; Opaque Irregular; Matte; Mottled No
0.29 x 0.17 500-200 Light Blue; Transparent Irregular; Wispy Yes
0.10 x 0.06 200-100 Dark Pink; Opaque Irregular; Wispy No
0.06 x 0.05 100-53 Blue; Translucent Irregular Yes
0.09 x 0.07 100-53 Blue; Slightly Translucent Irregular Polygon; Hexagon Yes
0.22 x 0.13 500-200 Pink; Opaque Irregular; Matte; Mottled No
0.19 x 0.11 200-100 Blue; Opaque Irregular; Matte No 
0.11 x 0.06 200-100 Dark Blue; Slightly Translucent Angular No
0.67 x 0.22 1- 500 White; Opaque Irregular; Glossy No
1.16 x 0.39 >1 White; Opaque Irregular; Glossy Yes
1.37 x 0.70 >1 White; Opaque Irregular; Glossy Yes
1-2 0.11 x 0.10 200-100 Purple; Transparent Irregular Yes
0.12 x 0.07 200-100 Dark Red; Opaque Irregular Polygon; Oblong No
0.37 x 0.19 500-200 Pink; Opaque Irregular; Matte; Mottled No
0.11 x 0.06 200-100 Pink; Opaque Irregular; Matte; Mottled No 
2-3 0.09 x 0.05 100-53 Purple; Slightly Translucent Irregular; Oblong; Wispy No
0.12 x 0.07 200-100 Light Blue; Transparent Irregular; Wispy No
0.06 x 0.04 100-53 Blue; Translucent Irregular; Dark Edges No 
0.07 x 0.06 100-53 Blue; Translucent
Irregular Scalene Triangle; Jagged 
Side No
0.22 x 0.15 500-200 Pink; Opaque Irregular; Matte; Mottled No
0.18 x 0.06 200-100 Pink; Opaque Irregular; Matte; Mottled No
0.18 x 0.18 200-100 Pink; Opaque
Irregular Polygon; Square; Matte; 
Mottled Yes
0.21 x 0.11 500-200 Pink; Opaque Irregular; Matte; Mottled No
10.6 x 0.21 >1 Colourless; Transparent Linear; Columnar; Coiled at End Yes
1.69 x 0.46 >1 White; Opaque Irregular; Glossy No 
1.33 x 0.82 >1 White; Opaque Irregular; Glossy No
15.1 x 0.71 >1 White; Opaque Irregular; Glossy, Columnar Yes
3-4 0.08 x 0.07 100-53
Pink and Yellow; Slightly 
Translucent Irregular No
0.51 x 0.24 500-200 Pink; Opaque Irregular; Matte; Mottled No 
1.39 x 0.10 >1 Light Blue; Transparent Film; Linear; Angular; Frayed Yes
2.16 x 0.09 >1 Light Blue; Transparent Film; Linear; Angular; Frayed No 
0.50 x 0.26 500-200 Green and Blue; Translucent Irregular; Wispy Yes
0.71 x 0.12 1- 500 White; Opaque Irregular; Glossy; Frayed Yes
4-5 0.07 x 0.03 100-53 Bright Pink; Opaque Irregular Yes
0.09 x 0.07 100-53 Lime Green; Opaque Irregular Yes
0.06 x 0.04 100-53 Blue; Translucent Angular No
0.31 x 0.27 500-200 Pink; Opaque Irregular; Mottled Yes
0.31 x 0.17 500-200 Light Blue; Transparent Irregular; Wispy Yes
1.50 x 0.40 >1 White; Opaque Irregular; Glossy Yes
5.91 x 0.23 >1 White; Opaque
Irregular; Columnar; Glossy; Jagged 
Side Yes
5-6 0.19 x 0.06 200-100 Blue; Slightly Translucent Irregular/ Angular; Jagged Sides No 
0.12 x 0.05 200-100 Blue; Translucent Irregular Polygon; Rectangle; Patchy No 
0.09 x 0.06 100-53 Blue; Translucent Oblong; Patchy No 
0.10 x 0.09 100-53 Green; Opaque Oblong Yes
0.07 x 0.06 100-53
Royal Blue; Slightly 
Translucent Irregular; Wispy Yes
0.74 x 0.43 1-500 White; Opaque Irregular; Glossy; Frayed Yes
6-7 0.16 x 0.07 200-100 Orange/Red; Opaque Irregular/Angular Yes
0.08 x 0.07 100-53 Dark Blue; Opaque Irregular; Jagged Side No
0.15 x 0.03 200-100 Red; Opaque Linear; Columnar Yes
1.21 x 0.04 >1 White; Opaque Irregular; Glossy Yes
1.48 x 1.20 >1 White; Opaque Irregular; Glossy; Frayed Yes
2.11 x 0.22 >1 White; Opaque Irregular; Glossy; Frayed Yes
7-8 0.11 x 0.04 200-100
Pink and Yellow; Slightly 
Translucent Irregular Yes
0.09 x 0.06 100-53 Purple; Slightly Translucent
Irregular, Oblong; Rounded Edges; 
Wispy-Cloud Like No 
0.13 x 0.08 200-100 Green; Opaque Irregular No
0.77 x 0.28 1-500 White; Opaque Irregular; Glossy Yes
0.60 x 0.28 1-500 White; Opaque Irregular; Glossy No
0.39 x 0.07 500-200 White; Opaque Irregular; Glossy; Frayed Yes
8-9 0.14 x 0.09 200-100
Blue, Green, and Yellow; 
Opaque Irregular No
0.22 x 0.14 500-200 Baby Blue; Opaque Irregular; Wispy Yes
0.09 x 0.06 100-53 Orange/Red; Opaque Irregular/ Angular; Rounded Edges Yes
0.08 x 0.06 100-53 Aqua; Translucent Irregular Polygon; Rectangle No
10-11 1.87 x 0.14 >1 White; Opaque Irregular; Glossy; Frayed; Coiled Yes
11-12 0.87 x 0.30 1-500 White; Opaque Irregular; Glossy; Frayed Yes
1.57 x 0.71 >1 White; Opaque Irregular; Glossy Yes
12-13 1.37 x 0.81 >1 Light Pink; Opaque Irregular; Rounded Edges; Chunk Yes
13-14 1.13 x 0.24 >1 White; Opaque Irregular; Glossy; Frayed Yes
1.24 x 0.31 >1 White; Opaque Irregular; Glossy; Columnar Yes













0-1 0.15 x 0.08 200-100 Blue; Opaque Irregular; Patchy Yes
0.12 x 0.07 200-100 Red; Opaque Irregular; Rounded Edges No
0.33 x 0.19 500-200 Pink; Opaque
Irregular Polygon; Rectangle; Matte; 
Mottled No
0.06 x 0.03 100-53 Blue; Opaque Irregular; Mottled; Rounded Edges No
0.46 x 0.08 500-200 Green; Opaque Irregular Yes
0.14 x 0.04 200-100 Pink; Opaque Bulbous; Glossy No
0.88 x 0.19 1-500 Grey; Translucent Film; Irregular Yes
1-2 0.39 x 0.06 500-200 Teal; Opaque Linear; Angular No
0.09 x 0.06 100-53 Pink/Red; Opaque Irregular; Rounded Edges Yes
0.37 x 0.17 500-200 Light Blue; Transparent Irregular; Wispy No
0.72 x 0.26 1-500 Dark Blue; Opaque Irregular; Covered in Organic Debris Yes
0.21 x 0.04 500-200 Orange; Slightly Translucent Irregular; Linear No
2-3 0.10 x 0.09 100-53 Black and White; Opaque Irregular; Angular Edges; White center No
0.08 x 0.06 100-53 Purple; Translucent Irregular; Rounded Edges No
0.16 x 0.08 200-100 Light Green; Opaque Irregular; Frayed Ends Yes
0.13 x 0.07 200-100 Black; Opaque
Angular; Irregular Scalene Triangle; 
Lustrous No
0.09 x 0.05 100-53 Colourless and Blue; Transparent Irregular/ Angular; Patchy No
0.08 x 0.06 100-53 Olive Green; Slightly Translucent Irregular/ Angular; Patchy No
0.07 x 0.07 100-53 Pink, White and Blue; Slightly Translucent Angular; Scalene Triangle; Striped No
3-4 0.12 x 0.10 200-100 Yellow; Opaque Irregular; Glossy No
0.11 x 0.09 200-100 Black; Opaque Irregular; Angular Edges; Lustrous No
0.07 x 0.06 100-50 Orange; Opaque Oblong; Angular Edges No
0.11 x 0.05 200-100 Dark Orange; Opaque Angular; Irregular Scalene Triangle Yes
0.14 x 0.12 200-100
Seafoam Green; Opaque and Slightly 
Translucent Irregular; Matte; Wispy Yes
0.28 x 0.17 500-200 Navy Blue; Slightly Translucent Irregular/Angular; Patchy Yes
0.15 x 0.06 200-100 Blue; Translucent Angular; Rounded End No
0.08 x 0.06 100-53 Blue; Translucent Hourglass Shape No
0.09 x 0.06 100-53 Blue; Translucent Irregular/ Angular Yes
0.10 x 0.07 100-53 Dark Blue; Opaque Irregular/ Angular No
4-5 0.09 x 0.06 100-53 Pink; Opaque Irregular Polygon; Rectangle; Mottled No
0.14 x 0.10 200-100 Purple/Blue; Opaque Irregular; Wispy Yes
0.10 x 0.06 100-53 Colourless, Blue and Green; Transparent Irregular; Patchy No
0.10 x 0.07 100-53 Orange; Opaque Irregular; Rounded Edges No
0.10 x 0.07 100-53 Blue; Translucent Irregular; Patchy No
0.18 x 0.07 200-100 Colourless and Blue; Transparent Irregular/ Angular; Patchy No
0.14 x 0.09 200-100 Pink; Translucent Angular No
0.13 x 0.09 200-100 Cyan Blue; Translucent Irregular Polygon No
2.40 x 0.40 >1 White; Opaque Irregular; Glossy; Frayed Yes
1.41 x 0.41 >1 White; Opaque Irregular; Glossy; Frayed; Slightly Coiled Yes
1.08 x 0.41 >1 White; Opaque Irregular; Glossy Yes
5-6 0.25 x 0.08 500-200 Emerald Green; Opaque Irregular Polygon; Rectangle No
0.43 x 0.03 500-200 Green; Opaque Linear Yes
0.11 x 0.07 200-100 Blue; Translucent Bulbous No
6-7 0.16 x 0.08 200-100 Yellow; Transparent Angular No
0.40 x 0.22 500-200 Blue; Slightly Translucent Irregular; Frayed; Slightly Coiled Yes
0.34 x 0.13 500-200 Pale Blue; Opaque Irregular; Matte Yes
0.25 x 0.08 500-200 Light Green; Opaque Irregular No
0.43 x 0.18 500-200 Teal; Opaque Irregular; Rounded Edges Yes
0.07 x 0.07 100-53 Green; Slightly Translucent Irregular; Rounded; Wispy No
0.09 x 0.06 100-53 Purple; Slightly Translucent Oblong; Rounded Edges; Wispy-Cloud Like No
0.07 x 0.03 100-53 Purple; Slightly Translucent Oblong; Rounded Edges; Wispy-Cloud Like No 
0.06 x 0.04 100-53 Purple; Slightly Translucent Oblong; Rounded Edges; Wispy-Cloud Like No 
0.07 x 0.06 100-53 Dark Green; Slightly Translucent Ovoid Yes
0.08 x 0.06 100-53 Blue; Opaque Irregular No
0.17 x 0.08 200-100 Blue; Transparent Irregular; Rounded Edges No 
7-8 0.29 x 0.15 500-200 Orange/Red; Opaque Irregular/Angular;Rhomboid No
0.08 x 0.07 100-53 Pink; Opaque Irregular; Oblong No
0.13 x 0.09 200-100 Orange; Opaque Irregular No
0.10 x 0.07 100-53 Blue; Translucent Irregular Polygon; Frayed Edge No 
0.27 x 0.09 200-100 Grey Blue; Opaque Irregular; Matte; Frayed No 
0.14 x 0.09 200-100 Dark Blue; Opaque Irregular Polygon; Matte; Raised Edges No
0.10 x 0.07 100-53 Dark Blue; Opaque Irregular Polygon; Matte; Raised Edges Yes
4.05 x 0.28 >1 White; Opaque Irregular; Glossy; Frayed; Coiled Yes
8-9 0.11 x 0.09 200-100 Orange/Red; Opaque Angular; Glossy No
0.38 x 0.05 500-200 Pink; Translucent Linear; Wispy End No
0.09 x 0.09 100-53 Green; Translucent Irregular; Patchy No
0.11 x 0.09 200-100 Pink; Slightly Translucent Irregular; Patchy; Angular Ends No
0.07 x 0.04 100-53
Blue, Green and Yellow; Slightly 
Translucent Irregular; Wispy No
0.42 x 0.42 500-200 Black; Opaque Round; Flat Yes
0.22 x 0.04 500-200 Blue; Translucent Oblong End; Linear Elongated Tail No
0.27 x 0.16 500-200 Yellow, Orange and Colourless; Opaque Irregular; Glossy Yes
0.12 x 0.05 200-100 Teal; Slightly Translucent Irregular; Rounded Edges No
0.10 x 0.08 200-100 Dark Blue; Slightly Translucent Irregular; Wispy Yes
1.33 x 0.27 >1 Red; Opaque Irregular; Corrugated Texture; Brittle Yes
0.07 x 0.05 100-53 Red; Opaque Ovoid; Glossy Yes
0.09 x 0.05 100-53 Yellow; Opaque Ovoid; Glossy No
1.62 x 1.09 >1 White; Opaque Irregular; Glossy Yes
0.48 x 0.13 500-200 White; Opaque Irregular; Linear; Slightly Frayed No
9-10 0.18 x 0.14 200-100 Green and Blue; Opaque Irregular; Rounded Edges Yes
0.12 x 0.08 200-100
Colourless, Blue, Green and Yellow; 
Transparent Irregular; Angular Edges; Patchy Yes
0.18 x 1.5 200-100 Colourless and Dark Green; Translucent Irregular; Rounded Edges; Patchy No
0.10 x 0.06 200-100 Orange; Translucent Irregular Polygon No
0.10 x 0.09 200-100 Dark Green; Slightly Translucent Irregular; Angular Edges Yes
0.08 x 0.06 100-53 Green; Slightly Translucent Irregular; Rounded Edges No
0.85 x 0.17 100-53 Green; Transparent Film; Linear; Frayed Yes
0.07 x 0.06 100-53 Green; Slightly Translucent Irregular; Wispy No
0.10 x 0.05 100-53 Dark and Light Blue; Slightly Translucent Iregular; Rounded Edges Yes
0.06 x 0.05 100-53 Light Green; Transparent Irregular Polygon Yes
0.08 x 0.08 100-53 Orange; Translucent Irregular Polygon; Square; Glossy No
0.08 x 0.06 100-53 Dark Blue and Colourless; Translucent Irregular; Angular Edges; Patchy No
0.12 x 0.09 200-100
Multicoloured: Pink, Blue, Green, Yellow, 
Orange, Purple; Slightly Translucent Angular; Patchy; Stained Glass Appearance No
10-11 0.09 x 0.09 100-53 Aqua; Translucent Irregular; Rounded Edges Yes
0.08 x 0.07 100-53 Pink; Translucent Irregular; Angular Edges; Patchy Yes
0.13 x 0.08 200-100 Light Blue; Translucent Irregular; Wispy No
0.33 x 0.03 500-200 Blue; Translucent Linear; Columnar; Rounded End; Glossy No
11-12 0.09 x 0.07 100-53 Pink; Translucent Angular No
0.08 x 0.04 100-53 Orange; Opaque Irregular Polygon; Rectangle No
0.30 x 0.20 500-200 Light Blue; Transparent Irregular; Wispy; Frayed Yes
0.10 x 0.10 100-53 Colourless and Green; Translucent Angular; Rounded Edges No
0.18 x 0.12 200-100
Multicoloured: Colourless, Pink, Purple, 




Relative proportions of particles within the three sediment cores classified within 









> 1 mm 1 mm- 500 µm 500-200 µm 200-100 µm 100-53 µm >1 mm 1 mm-500 µm 500-200 µm 200-100 µm 100-53 µm
LH43 14-15 0 0 0 0 1 0% 0% 0% 0% 50%
13-14 0 0 2 1 0 0% 0% 67% 33% 0%
12-13 0 0 0 1 1 0% 0% 0% 50% 50%
11-12 0 1 2 3 2 0% 11% 22% 33% 22%
10-11 0 1 2 3 2 0% 11% 22% 33% 22%
9-10 0 0 2 5 0 0% 0% 29% 71% 0%
8-9 0 1 1 5 6 0% 8% 8% 38% 46%
7-8 0 0 3 2 8 0% 0% 23% 15% 62%
6-7 0 0 0 1 1 0% 0% 0% 50% 50%
5-6 0 0 1 0 0 0% 0% 100% 0% 0%
4-5 0 1 0 0 1 0% 50% 0% 0% 50%
3-4 0 0 2 3 1 0% 0% 33% 50% 17%
2-3 0 0 2 0 0 0% 0% 100% 0% 0%
1-2 0 1 0 1 1 0% 33% 0% 33% 33%
0-1 0 0 1 3 1 0% 0% 20% 60% 20%
403A 14-15 0 1 0 0 0 0% 100% 0% 0% 0%
13-14 2 0 0 0 0 100% 0% 0% 0% 0%
12-13 1 0 0 0 0 100% 0% 0% 0% 0%
11-12 1 1 0 0 0 50% 50% 0% 0% 0%
10-11 1 0 0 0 0 100% 0% 0% 0% 0%
9-10 0 0 0 0 1 0% 0% 0% 0% 100%
8-9 0 0 1 1 1 0% 0% 33% 33% 33%
7-8 0 2 1 2 1 0% 33% 17% 33% 17%
6-7 3 0 0 2 1 50% 0% 0% 33% 17%
5-6 0 1 0 2 3 0% 17% 0% 33% 50%
4-5 2 0 2 0 3 29% 0% 29% 0% 43%
3-4 2 1 2 0 1 33% 17% 33% 0% 17%
2-3 4 0 2 3 3 33% 0% 17% 25% 25%
1-2 0 0 1 3 0 0% 0% 25% 75% 0%
0-1 2 1 3 4 3 15% 8% 23% 31% 23%
209C 11-12 0 0 1 1 3 0% 0% 20% 20% 60%
10-11 0 0 1 1 2 0% 0% 25% 25% 50%
9-10 0 0 0 6 7 0% 0% 0% 46% 54%
8-9 2 0 5 4 4 13% 0% 33% 27% 27%
7-8 1 0 1 3 3 13% 0% 13% 38% 38%
6-7 0 0 4 2 6 0% 0% 33% 17% 50%
5-6 0 0 2 1 0 0% 0% 67% 33% 0%
4-5 3 0 0 4 4 27% 0% 0% 36% 36%
3-4 0 0 1 5 4 0% 0% 10% 50% 40%
2-3 0 0 0 2 5 0% 0% 0% 29% 71%
1-2 0 1 3 0 1 0% 20% 60% 0% 20%
0-1 0 1 2 3 1 0% 14% 29% 43% 14%
Sample_ID Depth




Relative proportions of particle size classifications within surface and subsurface 



















LH43 100-53 µm 0.8 0.45 16% 2.1 2.73 84%
200-100 µm 1.4 1.52 25% 2.1 1.85 75%
500-200 µm 1 1 28% 1.3 1.06 72%
1 mm-500 µm 0.4 0.55 40% 0.3 0.48 60%
>1 mm 0 0 0% 0 0 0%
403A 100-53 µm 2 1.41 59% 0.7 0.95 41%
200-100 µm 2 1.87 59% 0.7 0.95 41%
500-200 µm 2 0.71 83% 0.2 0.42 17%
1 mm-500 µm 0.4 0.55 29% 0.5 0.71 71%
>1 mm 2 1.41 56% 0.8 1.03 44%
209C 100-53 µm 3 1.87 38% 3.57 2.37 63%
200-100 µm 2.8 1.92 44% 1.57 1.9 56%
500-200 µm 1.2 1.3 30% 2 1.83 70%
1 mm-500 µm 0.4 0.55 100% 0 0 0%
>1 mm 0.6 1.34 50% 0.43 0.79 50%




Appendix C: FTIR results for chapters 3 and 4.  
 































































































Appendix D: Statistical and spatial analysis data. 








No correlation was observed when comparing ln MP abundance to distance from 










Some evidence for difference of means between substrate classes (ANOVA; 
p=0.049). Tukey multiple comparison test suggests Hard-Mud have greatest 
















Tributary nearest to each sampling location in Lake Huron. Tributary names and 












Waste water treatment plant (WWTP) nearest to each sampling location in Lake 
Huron. Locations of WWTP are indicated in blue (See Fig S3.), and WWTP 











Appendix E: Quality assurance and controls (QA/QC).  
Procedural blank tests were performed in five laboratory settings during 
preparation, processing and microscopy. Fibre totals for Chapters 3 and 4 were 
adjusted for negative controls.  
 
Blue Black Pink Blue Corrections Black Corrections Pink Corrections
GB5 23 29 35 19 27 35
GB6 36 27 18 32 25 18
GB8 31 13 5 27 11 5
GB9 24 23 1 20 21 1
GB11 10 8 2 6 6 2
4 2 0
GB1 87 97 70 81 92 69
GB3 40 42 25 34 37 24
GB4 23 44 26 17 39 25
LH8 22 19 12 16 14 11
GB12 38 32 27 32 27 26
GB15 23 17 6 17 12 5
GB17 33 32 11 27 27 10
GB19 23 28 18 17 23 17
6 5 1
LH95 35 12 2 31 9 0
LH96 27 12 2 23 9 1
LH98 19 14 10 15 11 8
LH100 26 11 6 22 8 4
GB21 28 9 11 24 6 9
GB24 24 12 9 20 9 7
GB29 21 16 10 17 13 8
GB31 9 5 8 5 2 6
GB33 8 5 6 4 2 4
GB35 17 16 14 13 13 12
GB36 7 4 5 3 1 3
GB39 4 6 8 0 3 6
GB42 7 8 1 3 5 0
GB46 9 6 9 5 3 7
GB122 3 2 3 0 0 1
LH9 8 7 5 4 4 3
LH12 11 18 6 7 15 4
LH20 13 7 4 9 4 2
LH29 3 14 11 0 11 9
LH30 14 24 6 10 21 4
LH32 18 9 6 14 6 4
LH36 14 25 4 10 22 2
LH38 12 15 10 8 12 8
LH42 10 14 1 6 11 0
LH43 22 6 12 18 3 10
LH44 7 13 1 3 10 0
LH52 9 16 6 5 13 4
LH54 12 16 3 8 13 1
LH56 17 25 5 13 22 3
LH58 4 15 2 0 12 0
LH61 29 36 11 25 33 9
LH67 13 14 5 9 11 3
LH63 18 15 6 14 12 4
4 3 2


























LH65 16 8 5 9 4 6
LH66 15 10 10 8 6 6
LH23 35 21 10 28 17 6
LH27 23 5 12 16 1 8
LH33 14 5 5 7 1 1
LH62 19 13 5 12 9 1
LH50 19 8 8 12 4 4
LH70 11 8 7 4 4 3
LH73 87 54 29 80 50 25
LH76 12 6 3 5 2 0
LH77 27 17 9 20 13 5
LH79 9 7 6 2 3 2
LH82 17 6 11 10 2 7
LH99 7 5 4 0 1 0
7 4 4
LH68 23 13 11 19 11 10
LH69 17 10 4 13 8 3
LH83 14 9 3 10 7 2
LH84 18 8 9 14 6 8
LH87 8 1 4 0 0
LH88 13 2 5 9 0 4
LH89 22 10 4 18 8 3
LH71 15 16 3 11 14 2







Adjustments by cellulosic content (%) for every examined microfibre colour in 
Chapter 3.  
 





















GB1 81 92 69 3 1 4 4 254 21 29 37 1 0 1 2 90
GB3 34 37 24 2 3 100 9 12 13 0 0 0 1 35
GB4 17 39 25 1 1 83 4 12 13 0 0 0 0 31
GB5 19 27 35 3 1 85 5 9 19 0 0 1 0 33
GB6 32 25 18 3 2 2 4 86 8 8 10 1 0 0 2 29
GB8 27 11 5 2 1 46 7 4 3 0 0 0 0 14
GB9 20 21 1 1 43 5 7 1 0 0 0 0 13
GB11 6 6 2 2 1 17 2 2 1 1 0 0 0 5
GB12 32 27 26 1 8 94 8 9 14 0 0 0 3 34
GB15 17 12 5 1 3 3 41 4 4 3 0 1 1 0 12
GB17 27 27 10 5 3 3 75 7 9 5 1 0 1 1 24
GB19 17 23 17 1 2 1 3 64 4 7 9 0 0 0 1 23
GB21 24 6 9 3 3 45 6 2 5 1 0 0 1 15
GB24 20 9 7 1 4 41 5 3 4 0 0 0 2 14
GB29 17 13 8 4 7 49 4 4 4 0 0 1 3 16
GB31 5 2 6 1 1 4 19 1 1 3 0 0 0 2 7
GB33 4 2 4 1 1 12 1 1 2 0 0 0 0 4
GB35 13 13 12 2 1 1 6 48 3 4 6 1 0 0 3 17
GB36 3 1 3 1 8 1 0 2 0 0 0 0 3
GB39 0 3 6 1 2 12 0 1 3 0 0 0 1 5
GB42 3 5 0 1 9 1 2 0 0 0 0 0 3
GB46 5 3 7 1 3 19 1 1 4 0 0 0 1 7
GB122 0 0 1 1 2 0 0 1 0 0 0 0 1
LH8 16 14 11 1 3 2 47 4 4 6 0 0 1 1 16
LH9 4 4 3 1 1 1 14 1 1 2 0 0 0 0 5
LH12 7 15 4 1 1 1 29 2 5 2 0 0 0 0 10
LH20 9 4 2 15 2 1 1 0 0 0 0 5
LH23 28 17 6 1 6 5 63 7 5 3 0 0 1 2 19
LH27 16 1 8 3 8 36 4 0 4 0 0 1 3 13
LH29 0 11 9 5 4 29 0 4 5 0 1 0 2 11
LH30 10 21 4 1 2 38 3 7 2 0 0 0 1 12
LH32 14 6 4 1 1 1 27 4 2 2 0 0 0 0 8
LH33 7 1 1 2 11 2 0 1 0 0 0 1 4
LH36 10 22 2 1 35 3 7 1 0 0 0 0 11
LH38 8 12 8 5 1 2 36 2 4 4 0 1 0 1 12
LH42 6 11 0 1 18 2 4 0 0 0 0 0 6
LH43 18 3 10 2 1 2 36 5 1 5 0 0 0 1 12
LH44 3 10 0 1 2 16 1 3 0 0 0 0 1 5
LH50 12 4 4 2 22 3 1 2 0 0 0 0 7
LH52 5 13 4 2 24 1 4 2 0 0 0 1 8
LH54 8 13 1 22 2 4 1 0 0 0 0 7
LH56 13 22 3 2 2 42 3 7 2 0 0 0 1 13
LH58 0 12 0 1 1 1 15 0 4 0 0 0 0 0 5
LH61 25 33 9 2 4 5 78 7 11 5 0 1 0 2 25
LH62 12 9 1 3 25 3 3 1 0 0 0 1 8
LH63 14 12 4 3 1 1 35 4 4 2 0 1 0 0 11
LH65 9 4 6 1 1 2 23 2 1 3 0 0 0 1 8
LH66 8 6 6 3 7 30 2 2 3 0 1 0 3 11
LH67 9 11 3 1 1 2 27 2 4 2 0 0 0 1 9
LH68 19 11 10 1 41 5 4 5 0 0 0 0 14
LH69 13 8 3 1 25 3 3 2 0 0 0 0 8
LH70 4 4 3 2 1 14 1 1 2 0 0 0 0 5
LH71 11 14 2 1 1 3 32 3 4 1 0 0 0 1 10
LH73 80 50 25 6 6 167 21 16 13 1 0 0 3 54
LH76 5 2 0 3 1 11 1 1 0 0 1 0 0 3
LH77 20 13 5 1 1 40 5 4 3 0 0 0 0 13
LH79 2 3 2 1 2 10 1 1 1 0 0 0 0 3
LH82 10 2 7 2 21 3 1 4 0 0 0 1 8
LH83 10 7 2 3 2 24 3 2 1 0 1 0 1 7
LH84 14 6 8 2 1 31 4 2 4 0 0 0 0 11
LH87 4 0 0 4 1 0 0 0 0 0 0 1
LH88 9 0 4 2 15 2 0 2 0 0 0 1 5
LH89 18 8 3 1 2 32 5 3 2 0 0 0 1 10
LH95 31 9 0 1 41 8 3 0 0 0 0 0 11
LH96 23 9 1 33 6 3 1 0 0 0 0 9
LH97 3 7 0 10 1 2 0 0 0 0 0 3
LH98 15 11 8 1 2 2 39 4 4 4 0 0 0 1 13
LH99 0 1 0 1 0 0 0 0 0 0 0 0
LH100 22 8 4 34 6 3 2 0 0 0 0 10
GL15-1348 31 25 10 4 70 8 8 5 0 0 0 2 23
GL15-1346 0 1 4 2 1 8 0 0 2 0 0 0 0 3
GL15-1347 4 4 1 3 1 13 1 1 1 0 1 0 0 4
GL15-1343 11 0 1 1 13 3 0 1 0 0 0 0 4
GL15-1344 0 0 2 1 1 4 0 0 1 0 0 0 0 1
GL15-1345 1 3 2 6 0 1 1 0 0 0 0 2
GL15-1341 0 2 2 4 0 0 0 1 0 0 0 1






FTIR microfibre correction results. 
Sample ID
Original 
Total      
(N)
Total (N)*       
MP Abundance 
(p kg-1 dw)*
GB1 267 103 39125
GB3 114 49 1095
GB4 89 37 28290
GB5 96 44 13164
GB6 109 52 221163
GB8 60 28 695
GB9 50 20 5053
GB11 21 9 248
GB12 102 42 25390
GB15 55 26 1983
GB17 86 35 68789
GB19 67 26 3232
GB21 48 18 143655
GB24 45 18 22604
GB29 52 19 123
GB31 20 8 656
GB33 16 8 539
GB35 51 20 1067
GB36 11 6 206
GB39 17 10 130
GB42 11 5 3042
GB46 21 9 2671
GB122 3 2 1780
LH8 63 32 970
LH9 19 10 2712
LH12 30 11 20110
LH20 21 11 1028
LH23 73 29 328
LH27 62 39 1000
LH29 31 13 715
LH30 44 18 325
LH32 27 8 9980
LH33 12 5 210
LH36 57 33 2410
LH38 39 15 9869
LH42 27 15 15214
LH43 39 15 236687






LH50 25 10 213
LH52 40 24 665
LH54 38 23 8535
LH56 48 19 1867
LH58 17 7 81
LH61 80 27 25608
LH62 31 14 3544
LH63 59 35 1539
LH65 34 19 1718
LH66 36 17 34232
LH67 45 27 985
LH68 51 24 7499
LH69 33 16 73193
LH70 19 10 6192
LH71 36 14 335714
LH73 173 60 1343
LH76 15 7 43072
LH77 41 14 3875
LH79 13 6 1484
LH82 27 14 8509
LH83 25 8 18602
LH84 36 16 23832
LH87 7 4 6188
LH88 20 10 31731
LH89 36 14 54488
LH95 59 29 1046
LH96 43 19 316
LH97 10 3 73
LH98 44 18 690
LH99 6 5 1789
LH100 49 25 7466
GL15-1348 79 32 302
GL15-1346 42 37 5530
GL15-1347 28 19 4425
GL15-1343 15 6 59
GL15-1344 21 18 385
GL15-1345 17 13 3592
GL15-1341 20 17 202
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